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High malaria prevalence remains a major problem, despite high coverage rates of malaria control interventions. The main objective of the study was to determine entomological and anthropological factors responsible for high malaria transmission in Ruangwa district. Human Landing Catches was used to collect mosquitoes indoors and outdoors. Observation and interview were employed to estimate the proportion of human exposure. Resistance level to insecticides in An. gambiae s.l was evaluated using a standard WHO Susceptibility Test Kit. Out of 2,532 female mosquitoes collected, malaria vectors constituted 26.6 %.  An. gambiae complex s, An. gambiae s.s 43 % (n=297) and An. arabiensis 40% (n=278) were speciated by PCR. In the An. funestus group, only An. funestus s.s 1% (n=6) was identified. High abundance of Anopheles mosquitoes was observed in rainy season 553 (95.18%) as compared to dry season 28 (4.82%). Outdoor rate of human bite per person per hour was high 58.02% while for indoors it was 37.10. The leading human exposure activity was evening chatting. Bendiocarb showed (75%), Deltamethrine (95%), Permethrin (97%), and Fenitrothion (96% mortality rate in An.gambiae s.l An.gambiae s.s and An.arabiensis species are responsible for high malaria prevalence. An. coustani has epidemiological implication. Nocturnal outdoor activities increase human-vector interaction. Insecticides were less effective against An. gambiae s.l. The findings provide useful information for future innovative and effective malaria control strategies in the district. 
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1.1 The Malaria Phenomenon
Globally, the malaria burden has dramatically decreased in the past decade as shown by a fall in malaria incidence rates by 18 percent in all age groups worldwide since 2010 and by 20 percent in the WHO African Region (WHO, 2019). The Long-Lasting Insecticides treated Nets (LLINs), Indoor Residual Spraying (IRS) and case management with artemisinin combination therapies (ACTs) have strongly contributed to this reduction (Ssemppira et al., 2017; WHO, 2019). 

However, as noted by the year 2018 World Malaria Report WHO (2019) malaria continues in many settings, even in places where LLINs, IRS and case management have already been widely implemented (Griffin, et al.,  2010; Russell, et al.,  2010; Kitau, et al.,  2012, WHO,2019). Conversely, this resilience is mainly linked with the spread of insecticides resistance across many endemic countries (Protopopoff, et al., 2013; Ranson and Lissenden, 2016). Residual malaria transmissions are now persistent in many places (Mwesigwa et al., 2017; Killeen, 2017; WHO, 2019).

Residual transmission refers to those fractions of transmission, which is mediated by mosquitoes, which are behaviourally resilient to the existing primary malaria interventions (Govella et al., 2013). These fractions of transmission continue to happen despite widespread of LLINs or IRS as they occur in places and time where the use of LLINs or IRS become ineffective (Killeen, 2014). Mosquitoes species which are responsible with residual transmission can also comfortably and successfully feed and survive on blood from non- human host (Main et al., 2016). Even though residual malaria transmission was not given enough attention in the past (Elliot et al., 1972; WHO,2019), there is currently an increasing evidence and wide acknowledgement that for elimination to be realized (Benelli and Beir, 2017), interventions that tackle residual transmission should also be prioritized (Govella and Ferguson, 2012; Mwesiga   et al.,  2017; Killeen, et al., 2017;WHO,2019).

In sub - Saharan Africa, Tanzania is a vivid  example of the dual complexity in pushing malaria control further down TMIS  (2017). In some regions especially, in the southern and north western parts of the country, malaria has remained persistently high 11.7% to 24.7% despite wide coverage with LLINs, IRS and case management using Artmether-Lumephantrine ( TMIS, 2017). For example, in Lindi region, which is located in south-coast of Tanzania, the average regional malaria prevalence remains as high as 11.7% (TMIS, 2017), but with great village variations. For example, in Ruangwa District, malaria prevalence rate of 17.7%, 54.3%, and 85.7% were recorded from Likangara, Nandagara and Chienjere villages respectively (DHIS, 2016; DHIS, 2017).

However, the main contributing factors for this persitence in malaria transmission despite widespread use of the current core  vector control intervention measures are not well known. In addition,  factors such as; reduced behaviour succesptibility to indoor insecticidal intervention to An.gambiae complex and An.funestus  group (Rusell, et al.,  2011), outdoors human behaviour during the night (Huho et al., 2013) and rapid expansion of insecticide resistance to malaria vectors (Nkya, et al.,  2013; Toe,  et al.,  2014 and Kisinza,  et al.,  2017) could be playing an important role in malaria transmission. 
Furthermore, the emergence of  antimalaria drug-resistant to strains of malaria parasites (WHO, 2015), insuficient levels of access and up take of lifesavings malaria tools preferably early diagnosis and treatment at village levels  (WHO, 2019),  have been documented (Rusell  et al.,  2011; Huho  et al.,  2013; Kisinza et al., 2017). However, substantial research evidences on these anthropological and entomological factors is still limited (Govella et al., 2013; Killeen, 2014). Therefore, the major aim of the present study was to identify entomological and anthropological drivers for persisting high malaria transmission despite high coverage with long lasting insecticides treated nets. The information obtained could be used  as a benchmark for comprehensive approach of new tool and strategies to address residual transmission burden.

1.2 Statement of the Problem
Tanzania’s national health strategies aspire reducing malaria to 1% by the year 2020 by using malaria vector control tools such as Long-lasting Insecticidal Nets (LLINs), Artemisinin-based Combination therapy (ACT) and indoor residual spraying (IRS) (MoHSW, 2015). However, the trend of anthropological, entomological and intervention ineffectiveness factors undermine the effectiveness of these tools. Despite wide LLINs distribution by 95% to most vulnerable groups such as pregnant women, school going pupils and infants in Ruangwa district from 2014 to 2017, malaria prevalence is still high   at 17.7% (DHIS, 2017).  

In the same year (2017), there were 48,658 confirmed cases of malaria infections while 34 deaths (DHIS, 2017) occurred in a population of 131,080 inhabitants as estimated by the National Bureau of Statistics (2012), and which was estimated to be one fifty five eight and thirteen thousand in 2017, assuming the population growth of 2.5% per annum. This resilience could be implicated by shifting malaria vector species composition, so that vector populations of indoor biting and resting vectors, are being reduced, while population of outdoor feeding and resting vectors become dominant particularly An. gambiae s.s and An.arabiensis with peak biting from 1800 hrs to 0700 hours. This shift in behaviour present a challenge for  effectiveness of LLINs in residual malaria control, as LLINs are unlikely impede transmission mediated by these indoor feeding and resting  malaria vectors.  

Another factor that are likely to reduce the impact of LLINs on malaria transmission is evolution of insecticide resistance to malaria vectors across endemic villages. This resistance hinders the effectiveness of insecticides on vector survival and abundance as a result the level of person and community protection will  probably  be reduced.  In addition,  night- time human behavior, it associates to transmission that can occur indoors during sleeping hours for unprotected individual as well as outdoors for non-users of outdoor protection measures such as repellents. Generally, this situation has significant impediment for the National Malaria Control Strategies for eliminating malaria to 1% by 2020 (MoHSW, 2015; URT, 2016). Therefore, against this background the following objectives were formed.

1.3 Objectives of the Study
1.3.1 Broad Objective
The main objective of the research was to determine anthropological and entomological factors that contribute to persisting high malaria transmission in Ruangwa District, Lindi Region in Tanzania.
1.3.2	Specific Objectives
i.	To determine the species composition of malaria vectors available in Ruangwa district.
ii.	To quantify the human-vector interactions over the course of the entire night.
iii.	To identify common nocturnal human outdoor activities which increase the risk of human exposure to malaria transmission.
iv.	To evaluate the strength of insecticide level in malaria vectors.

1.4 Research Questions
i.	What are mosquito’s species driving malaria transmissions in Ruangwa? Are they known?
ii.	What magnitude of human exposure to the bites of malaria-transmitting mosquitoes occurs in places and time where the use of LLINs becomes ineffective?
iii.	What are nocturnal outdoor activities that increase human risk to malaria transmission?
iv.	Are LLINs and IRS interventions still effective in the face of insecticide resistance?

1.5 Significance of the Study
The study has led to a better understanding of the local vector dynamics responsible for the high transmission of malaria in Ruangwa district such knowledge provides baseline data in the formulation of an effective and appropriate control strategies. Data on a combination of vector and human behaviour are of vital importance to health planners, policy makers and the public in general, as it is imperative in the formulation of mult - control strategies to cover both indoors and outdoors compartments for the study area. The results of the present study are likely to form the basis for the improvement of the interventions relevant to Ruangwa district and could also be of value in evaluating changes of malaria vector to insecticide over time in study area.

1.6 Limitations of the Study
The study was conducted smoothly, except for two limitations. First, the study planned to work with a sample of 768 mosquitoes. However, only 688 mosquitoes were captured. The deficit was due to summer season as a result of which, some breeding sites had dried up. However, given that the deficit accounted for a marginal error of 10%, it was judged negligible and the study proceeded on uninterrupted. And secondly, the study employed Polymerise Chain Reaction (PCR) method of mosquito speciation. Laboratory results showed that 16% of the mosquitoes were unamplified, despite the fact that all standard primers which are used for the speciation of all known malaria vectors were used. Thus, he observation was ignored based on the fact that, the observed un amplification would not nullify the study results as it represents a marginal error of 16%.  

1.7 Outline of the Study Report 







Mosquitoes are classified into order Diptera, sub-order Nematocera in Culicidae family. The family Culicidae is divided into three subfamilies including; Anophelinae, Culicinae and Toxorhynchitinae. Adult females Anophelinae and Culicinae are blood feeders (hematophagous) while Toxorhynchitinae feed on nectar and other plant juices.  Therefore, the later are considered to have less importance in disease transmission in contrast to Anophelinae and Culicinae mosquitoes due to their feeding habit because they do not transmit diseases to human (Edwards, 1941).  

2.1.1 Anopheles Species Composition and Identification
These entire mosquitoes are distributed worldwide from temperate to tropical regions and are either vector species or at least cause nuisances (Brydon    et al., 1961; Singer and Castro, 2012; Kenea et al., 2016). Specifically, there are 480 species of Anopheles genus belonging to twenty complex species in the tropical world, but only 70 are proven to be vectors of human malaria worldwide (Sinka  et al., 2012). 

In Africa, An.gambiae complex and An.funestus group are most important vectors transmitting human malaria (Ranford- Cart write, 2016). The An. gambiae complex is made up of eight sub species which are An. gambiae s.s, An. arabiensis, An. bwambae, An. merus, An. melas, An.colluzii, An. quadriannulatus species A and B (Ranford-Cartwright, 2016). Whereas the Anopheles funestus group is made up of eleven sibling species namely An. funestus s.s, An. Rivulorum Leeson, An. Veneeden, An. confusus Evans, An. arun Sobt, An. fusivenonsus Leeson, An. brucei Service, An. leesoni Evans, An. fuscivenosus, An. Brucei and An. parensis (Coetzee et al., 2004; Giles and Coetzee, 1987).

In Tanzania, Anopheles mosquito diversity remains unclear up to date. However, a number of researches have conducted same studies and some mosquito species have been identified. Such species are An. merus in Rufiji district (Kigadye    et al., 2010) and Anopheles gambiae, An. pharoensis, An. coustani, An. maculipalpis, An. marshalii in Babati district (Mwanziva, et al., 2011). Lwetoijera, et al., (2014) reported presence of An. funestus, An. rivorulum, An. leesoni and An. arabiensis in Kilombero Valley while Mhina  et al., (2015) reported presence of An. squamosus in Ngorogoro district. 

However, An. gambiae s.s and An. funestus are known to prefer to feed on human (anthropophagic) and prefer to feed both indoors as Gillies and De Mellion (1968) pointed out and Outdoors as (Reddy  et al.,  2011; Kitau  et al.,  2012; Sougoufara et al., 2014) substantiated. An. arabiensis which was previously considered  feeding  on cattle (zoophagic), is  currently feeding on either human or cattle Githeko  et al., (1994)  and feed either indoors (Gillies and de Mellion 1968), or outdoors (Mahande  et al.,  2007). The present study is an initial attempt to identify the malaria vectors such as An. gambiae s.s, An. arabiensis, An. funestus s.s and An. coustani which could account to the high malaria transmission in Ruangwa district. 

2.1.2 The Importance of Malaria Vector Species Identification
The mosquitoes belonging to An. gambaie complex and An. funestus group are core vectors of transmission malaria in the sub Saharan Africa. The morphologically indistinguishable groups of species within these complex groups presents a major challenge to malaria control interventions as they require vector identification using molecular technique (Scott et al., 1993). For example, An. gambiae complex, the most important malaria vector species in Africa was previously considered to have single species with some light or dark varieties and   breeds in fresh and salt water. It was later discovered that it had four cryptic species (A, B, and D) while species C was called zoophilic (a non- malaria vector Hacket, 1937). 

An. gambiae s.s (previously called specie A), An. arabiensis before called specie B, a non malaria vector An. quadriannulatus (formerly called specie C). Other species identified are An. bwambae, An. merus, An. melas, (Service, 1977; Scott et al., 1993; Coetzee, 2000; and Koekemoer, 2002). For instance, in 1977, a malaria epidemic occurred in Zimbambwe and upon testing succeptibility level to  malaria vectors collected indoors sprayed with organochlorine (Benzene hexachloride), the succeptible vectors were An.quadriannulatus a non-malaria vector, while the malaria vector An. arabiensis was resistant. This led to change in policy to DDT which gave greater impact in reducing malaria incidences (Coetzee, 2004). 

However, in Cameroon, identication of An. ziemanni as a main malaria vector both indoor and outdoor locations compared to other Anopheles vectors such as An. gambiae s.s and An. christy, An.nil, An. maculipalips, An. implexus, An. funestus, An. pharoesnis and An. tenebrosus led to changes in vector control strategies (Tabue et al., 2014; Russell  et al., 2011; Menze et al., 2016). This could be invaluable in the interruption of the disease cycle and designing effective malaria control interventions for elimination outdoor transmission.

2.1.3 Methods of Trapping Malaria Vector Species
The present study reports the abundance, seasonal variation of malaria vectors and outdoor exposure based on mosquito sampling with human landing catches (HLC) in Ruangwa District, Lindi region, southern part of Tanzania. Human landing catches was used because it is the most direct method available for estimating human exposure to mosquito bites thus regarded as gold standard (Service,1993).

Other methods such as CDC light traps, and mosquito electrocuting grid traps (MET) was not used host‑seeking behaviours because they are not direct measure to quantify human – vector exposure (Service, 1993; Mathenge et al., 2005; Tan, 2011; Gimning, 2013). Therefore, with proper chemoprophylaxis to protect collectors from contracting malaria, HLC should not be an obstacle to conduct the studies of quantifying the proportion of human exposures to malaria vectors that occurs outdoors (Tan, 2011; Gimning, 2013). Chemoprophylaxis is the administration of a medication for the purpose of preventing infection in an individual (Gimning, 2013). 

Given the objectives of this study, which include determining human-vector interaction, human landing catches (HLC) method was applied.

2.1.4 	Methods Used to Differentiate Malaria Vector Species from Non-Malaria Vectors
There are two main methods employed in identifying captured mosquitoes belonging to the same complex group. These are; morphological and molecular method (Service, 1977; Scott et al., 1993). Although, morphological identification is the key method in differentiating malaria vector species, it cannot distinguish between siblings at adult stages (Koekemoer et al., 2002), because many Anopheles mosquitoes occur as complex species which look alike but are all difficult to distinguish morphologically at adult stages due to their distinct features on the body parts, vein of wings and legs (Gillies and De Meillon, 1968). 

Molecular based simple techniques such as Polymerase Chain Reaction (PCR) are now available for identification of Anopheles vectors to species level (Scott et al.,     1993). For example, An. minimus was identified morphologically and formerly known as “vector of human parasites in South-East Asia”. When molecular method was employed, four sibling species were identified. These are; An. varuna, An. aconitus, An. minimus species A and B (Sharpe et al., 1999) Moreover, some species of Anopheles mosquitoes are currently recorded in some regions of Tanzania. An. gambiae complex accounts for 66.8% while An. funestus complex represents (21.8% Kabula  et al., 2011). These mosquito vectors are; An. gambiae s.s, An. arabiensis, An. merus from An. gambiae s.l and  An. funestus s.s, An. leesoni, An. rivulorum and An.  parensis from An. funestus group (Lwetoijera et al., 2014). 

Others are An. marshalii and An. Macullipalip (Magesa  et al.,  1991; Wilkes  et al., 1996; Malima, 2000; Mwanziva  et al., 2011) and An.coustani s.l in Babati district, (Mwanziva  et al.,  2011) and a non-malaria vector An.quadriannulatus (Gillies and De Mellion, 1968). However, evidence on malaria vector species are available Lindi region is limited; most of the studies conducted are concentrated in north western and southern eastern part of the country. Therefore, the Polymerase Chain Reaction (PCR) method using genetic markers to distinguish between sibling species of internally transcribed spacer (ITS2) of the ribosomal gene was used to identify two out of eight members of An.gambiae complex species which are An. gambiae s.s and An. arabiensis while in An. funestus only one member of An. funestus was identified in a group which is made of nine sibling species. 

2.1.5 Factors Influencing the Abundance of Anopheles Mosquito
Anopheles vectors of malaria are most abundant in Ruangwa district due to availability of both permanent and seasonal breeding sites (Kigadye, 2010; Animut and Nagash, 2018). These sites are based in a flat lowland savannah area covered with grasses, bushes and scattered trees and narrow slow running streams with marginal vegetation. Others are paddy fields, shallow wells and ponds which are seasonal breeding habitats for mosquitoes which foster the proliferation of potential breeding sites of Anopheles species. Altitude ranges between 313 meters to 549 meters above sea level which increased risk of high prevalence of malaria during hotter season (Bødker et al., 2003). 

More so, demographic changes of intense refuge from urban to rural during harvest season and labor related to mining could result in a diversity of high prevalence problem in malaria free villages. Previous studies in Uganda by Lynch and Roper (2011) showed that, human movements can impact malaria transmission patterns since asymptomatic and untreated infections act as reservoir for malaria transmission. In addition, majority of the community are the poor since they spent more time outdoors conducting livelihood activities without any malaria control measures (Monroe et al., 2015). This resulted in a large percentage of the population affected with malaria with few having funds to access to health facilities (TMIS, 2017; Sonei-Dehkordi, 2019).  Therefore, sensitizing the community on the use of outdoor interventions to supplement existing indoor malaria control intervention such as LLINs and IRS in combination with topical repellents would serve on efforts and costs where people are poor as is the case of Ruangwa district.

2.1.6 Adaptation of Anopheles Mosquito in Different Breeding Sites
An. funestus larval habitat is a large, permanent or semi‐permanent body of fresh water with emergent vegetation (Omer et al., 1970; Amaechi et al., 2018). Anopheles gambiae vectors of malaria breed in temporary water bodies without vegetation and in clean water habitats (Takken, 2004). However, a study conducted by Sattler    et al., (2005) in Dar Es Salaam found that, An. gambiae complex breed even in organically polluted water. According to Sinka    et al.,  (2010), the common breeding sites of An. gambiae complex are puddles, pools and hoof print, such as swamps, large ponds and lake edges, while most common larval habitats of An. funestus are swamps, large ponds and lakes edges (Sattler  et al., 2005; WHO, 2019). 

Theoretically, the identification and subsequent control of Anopheles vectors of malaria by destroying unwanted water collections, keeping water containers closed, the use of biological method and preventing water logging may potentially reduce Anopheles mosquito density below a critical threshold, and could result in more efficient and cost-effective control methods (Mereta, 2013). Anopheles vectors of malaria except An. gambiae s.s (anthropophagic) can feed on human and non –human blood sources (Gillies and De Mellion, 1968) which presents an important obstacle to the control of outdoor transmission (Russell, 2011). 
In addition, Douamba et al., (2014) in a study conducted in Bukina Faso, reported that, Anopheles mosquito eggs can resist desiccation during the dry season period and as soon as the rainy period starts brings a rapid explosion in abundance of mosquito and doubling increase in malaria infection (Omer et al., 1970). Life span of mosquito is generally three to four weeks. 

2.1.7 Spatial Variation, Diversity and Abundance of Anopheles Mosquitoes
The range and relative abundance of Anopheline mosquitoes are defined by space, time and season. It has already been observed that the highly anthropophilic An. gambiae s.s usually predominates in moist environments, while An. arabiensis in more arid areas and both species breed in small temporary water collections such as puddle and temporary pools (White et al., 1972; Bashar and Tuno, 2013). The highly anthropophilic An. funestus occur in semi-permanent water collections preferably available during the dry season (Sougoufara et al., 2014). 

A study conducted by Mboera et al., (2010) revealed that irrigated cultivation areas enhances An. gambiae populations associated with high malaria transmission in Tanzania and this was also concluded by Ijumba and Lindsay (2001). Essentially, variation in vector ecology is one of the most important factors leading to the heterogeneity in the micro-epidemiology of malaria (Bannister-Tyrrell et al., 2017).  For instance, in Tanzania recent evidence suggests that vector population densities and contribution towards overall malaria transmission has been declining (PMI, 2017).  However, there are still districts such as Muleba, Geita, Magu, Ruangwa, Musoma and Ngara, where the populations of Anopheline have persisted despite large‐scale use of Long Lasting Insecticidal Nets (LLINs) and indoor house spraying (IRS) Kabula et al.,  2012; URT, 2016 and; PMI, 2017). This situation could have been enhanced by life styles and engagement in nocturnal cultural and social – economic activities (Killeen and Moore, 2011, Monroe et al., 2015; Moshi et al., 2017). Therefore, to move from malaria control to elimination phase, regular update in on the role of local Anopheles species is imperative. This could be invaluable for the interruption of the disease cycle and designing effective malaria mosquitoes control intervention (Menze    et al., 2016).

2.1.8 Seasonal Occurrence of Anopheles Mosquitoes
Seasonal variation in population density and distribution is common for Anopheles vectors Douamba    et al.,  (2014) since they are confronted with highly dynamics in climatic conditions such as temperature, humidity and rainfall (Parham, 2010; Taye    et al., 2016). Basically, mosquito populations are reduced during the dry seasons and increase with increase in temperature during rainy season (Omer    et al., 1970).  In warm condition and wet areas Anopheles mosquito can be breed in all the year around and can impact most transmission and parasite prevalence (Dia, 2003; Arafa et al., 2013). 

Previous studies in Bangladesh by Bashar (2014) showed that An. gambiae occurred in greater numbers than An. funestus in Rice fields, roadside ditches, shallow wells and discarded containers were more productive for larvae during rainy periods Parham (2010), but these larval habitats were reduced during dry seasons (Mala  et al.,  2011) and update knowledge of the seasonal trends in abundance and spatial variation for Anopheles’ vectors of malaria available in the locality is imperative in entomological studies and control programme.
2.1.9 Host Seeking Behaviour of Anopheles Mosquitoes
Mosquitoes bite for a restricted period each 24 hours in one or two wide-ranging periods (Cohuet, et al., 2004). A study conducted by Lwetoijera et al., (2014) revealed that some populations of An. arabiensis, An. gambiae bite extensively outdoors in the early evening and indoors in late hours of the night (Mbogo et al., 1995). While other species such as An. funestus known to bite in the late hours of the night (Muirhead-Thomsom, 1951) currently bite up to late morning (Sogoufara, 2014). 

However, the extensive use of LLINs and IRS indoors can dramatically alter the biting patterns of malaria vectors resulting in a shift from indoor –biting while most people are asleep to outdoor biting while most people are active and possibly unprotected (Seyoum et al.,  2012). For instance, there is evidence that mosquitoes can adapt to some extent to vector control application, both IRS and LLINs can lead exophagy (outdoor biting) and early evening and late biting in the morning (Bayoh  et al., 2010; Seyoum  et al.,  2012, Sougoufara   et al.,  2014). 

Most of species rest exclusively outdoors in natural resting places such as vegetation and only relative few species rest in man –made shelters such as houses and animal quarters (Aniedu, 1993 and Service, 1996). This is because outdoor populations are widely distributed over a large area. A study conducted by Iyengar (1962) discovered exophilic population in Pemba, a costal Island of Tanzania. Outdoor resting sites were found close to houses and cattle shelters and most of the female collected were gravid, indicating mosquitoes rest and feed outdoors (Figure 2.1).

Figure 2.1: Illustration of Shifting biting Behaviour of An.arabiensis Patton in Tigray in Ethiopia (Boelee, et al., 2012).

2.2 Anopheles Vector Control Strategies 
2.2.1 Space Spraying of Insecticides
This is a common and supplementary method of destroying mosquitoes by contact with insecticides. This method aims at reducing vector density of mosquitoes and increases vector mortality especially during malaria epidemic. Larvae of mosquitoes are killed before reaching maturity (Fillinger    et al., 2004).

2.2.2 	Environmental Modification
This is the latest method in environmental management involving a physical long term change to potential mosquito breeding areas designed to prevent and eliminate vector habitat. Filling tree holes, ponds, marsh areas with soil and the proper disposal of small containers such cans, pots and old tyres in refuse dumping sites reduce breeding sites of Anopheles mosquitoes. Another option is repairing defective water flushing tanks and water service pipes (Castro et al., 2009).
2.2.3 Environmental Manipulation
This is a modern method in environmental management which reduces larval breeding sites of mosquitoes through temporary changes in aquatic environment in which larvae develop. This method includes water management activities such as changing water levels in reservoirs, flushing the breeding habits such as streams and providing intermittent irrigation to agriculture especially in rice fields by flooding or temporarily de-watering man–made creation and changing water salinity by closing dams. Others are shading and opening water bodies to make the habitats sunny which prevent some Anopheles mosquitoes from breeding (Walker, 2002).

2.2.4 Biological Control
This method is an environmentally –friendly alternative. One can use predators like larvivorous fish or pathogens to eat larval in mosquito habitats.  This is the most common method used currently in malaria prone countries. Bacillus thuringiensis Israelensis produces a more potent gut poison when ingested by mosquitoes but is harmless to plants, animals and humans. Another method is using cannibalistic larvivorous fish (Gambusia affinis). On the other hand, genetic control creates sterile males by chemical agents or by hybridization, which mate wild females. 

The results are non- developing eggs.  It has been shown that under field conditions in Kinshasa, Democratic Republic of Congo, a good control of An. gambiae mosquitoes was obtained using a granular formulation of Bacillus thuringiensis (Karch, et al., 1991). In Northern Cameroon, simultaneous control experiments on Anopheles species with Bacillus sphaericus showed that application of these bacteria helped in decreasing the incidence of malaria cases around those breeding sites (Barbazan, et al., 1998).

2.2.5 	Integrated Vector Control
Nowadays, WHO promotes Integrated Malaria Vector Control (IMVC) as a strategic approach for vector control, which means combining of insecticidal and biological methods such as larviciding, biological control and personal protection methods (Grats and Pal, 1998; Okoth, 2008). The intervention options are selected based on the knowledge about local vector bionomics, ecosystem, and disease transmission and morbidity patterns. For example, in Kenya control of Anopheles was based on the application of integrated vector control measures, treatment of stagnant water with Bacillus thurigensis Israelensis and the stocking of wells with larvivorous fish (Okoth, 2008). Another integrated vector control project against Anopheles was conducted in Dar Es Salaam by (Vanecket al., 2006) where the community was involved in the mosquito control activities (West   et al., 2014).

2.3 Role of Anopheles Mosquito in Malaria Transmission
Mosquito can carry malaria parasites that may be passed on the people through mosquito bites. These mosquito bites mainly between dusk and dawn. There are three reproductive life cycle of malaria in humans. An initial phase is sporogony cycle in a female mosquito. It consists a single cycle of sexual reproduction that produce sporozoites which infect humans. Once bitten, merozoites enter the blood parasites multiply in the host's liver and invade red blood cells and new merozoites start the erythrocytic cycle for a second time. The normal incubation period of malaria life circle in human is nine to twenty-one days but also depends upon ambient temperature (Giles, 1987). 
Long lasting insecticidal treated nets (LLINs) and house spraying i.e. (IRS) are the main methods reducing malaria globally by shortening the life span of mosquitoes. However, currently, residual malaria transmissions still pose a great burden worldwide. Eighty nine out of 103 countries still experience ongoing malaria transmission despite the high coverage of malaria control interventions such as LLINs and IRS (WHO, 2019). Some factors that can cause residual malaria transmission could be to alter the biting patterns of malaria vectors (Russell et al., 2011; Sogoufara et al., 2014; Moshi et al., 2017). 

Others are engagement of humans in nocturnal outdoor activities during mosquito peak hours (Monroe et al., 2015) and intervention ineffectiveness (Ranson et al., 2011; Toe et al., 2014; Kisinza et al., 2017; Wanjala, 2018 and; Kweka, 2018). Therefore, to reduce this burden, there is a need for a comprehensive approach that includes vector control measures and early diagnosis and treatment especially at village levels.
	
2.3.1 	The Global Burden of Malaria Transmission
Malaria is the leading cause of morbidity and mortality worldwide. In 89 out of 103 countries with ongoing residual malaria transmission, nearly half of the people are at risk of malaria infection. In 2017, malaria parasites infected 219 million people and killed 435,000 around the world. Out of these, 266,000 (61%) were children aged less than five years (WHO, 2019). Malaria causes direct annual losses amounting to US$ 3.1 billion which obstructs Gross Domestic Product (GDP) in endemic countries. Of the US$ 3.1 billion (70%) invested in 2017, US$ 2.2 billion benefited the WHO African Region, followed by the WHO South-East Asia Region (US$ 0.3 billion, 8%), the WHO Region of the Americas (US$ 0.2 billion, 6%), the WHO Western Pacific Region and the WHO Eastern Mediterranean Region (each received US$ 0.1 billion, 5%). A total of US$ 588 million was invested in malaria basic Research; US$ 61 million for vector control activities and US$ 20 million for diagnostics equipment (WHO, 2017).

In 2017, 254 million long lasting insecticidal nets (LLINs) were reported by manufacturers as having been delivered globally. Two hundred twenty million ITNs were distributed globally by national malaria programmes (NMPs), of which 175 million (81%) were in sub-Saharan Africa. Globally, 85% of ITNs were distributed through free mass campaigns, 8% to pregnant women in antenatal care (ANC) facilities and 4% to infants as part of immunization programmes.

House spraying through IRS protected population at risk by 6.6% (64 million) worldwide. Despite these interventions, evidence suggests that even in communities where most people already use these preventive measures, there remains a significant amount of residual transmission, not readily amenable to control (Russell et al., 2011; Killeen, 2014; WHO, 2019; PMI, 2019). This situation constitutes a major long-term challenge to the goal of malaria eradication (Govella  et al.,  2010; Sougoufara  et al., 2014; Kenea  et al.,  2016) especially where vector species have reduced behavioural susceptibility to indoor insecticidal interventions (Gatton et al.,  2013; Sougoufara  et al.,  2017). 


Figure 2.2: The Global Malaria Distribution Risk in 2017 
Source: WHO (2017)

2.3.2 The Burden of Malaria Transmission in Africa
In sub Saharan Africa, malaria is the leading cause of morbidity and mortality especially in under five children.   The disease is mainly geographically restricted to 15 countries of Africa, accounting for nearly 75% incidences of the global malaria burden. In sub Saharan Africa, malaria accounted for almost half of all cases globally. These are; Nigeria (25%), Democratic Republic of Congo (11%), Mozambique (5%) and Uganda (4%). 

In addition, the African region accounted for 93% of all malaria deaths that occurred in 2017 worldwide. Seven of these countries accounted for 53% of all malaria global deaths. The leading country was Nigeria which accounted for 19%, followed by Democratic Republic of Congo 11%, Burkina Faso 6%, Tanzania 5%, Sierra Leone 5% and Niger 4%. Malaria has significant cost which constrains economic development. Nearly three quarters (US$ 2.2 billion) of investments in malaria control in 2017 were spent in the WHO African region. Four hundred fifty nine million (83%) of long lasting insecticidal nets (LLINs) were delivered in sub-Saharan Africa over the period 2015 – 2017 and 64 million in 2017 were protected by house spraying IRS (WHO, 2019).


Figure 2.3: The Malaria Control Investments in Africa from 2005- 2017
Source: WHO (2018)

2.3.3 The Burden of Malaria Transmission in Tanzania
Tanzania is among the 17 countries with the highest malaria deaths in Africa (WHO, 2019). Malaria is a major public health problem which causes an enormous burden to health and the economy. Over 93% of the 60.5 million people are at risk of malaria infection (PMI, 2018). Currently, the disease is concentrated in the north western, southern, coastal fringe and regions bordering Lake Victoria (TMIS, 2017). In 2017, there were 5,188,500 reported malaria cases and 5,045 estimated deaths caused by major malaria vectors (WHO, 2019). Malaria is the leading cause of outpatient, inpatient and hospital deaths in under-five years’ children and also accounts for 30 - 40 % of health facility attendance. 

The malaria burden in Tanzania accounts for nearly 40% of public expenditure each year (PMI, 2017). However, the extensive use of malaria control interventions such as long lasting nets (LLINs), residual insecticides (IRS) and artemisinin combination therapy (ACTs), has contributed to the reduction of this burden from 9.2% in 2012 (THMIS, 2012) to 7.3% in 2017 (TMIS, 2017). However, the declining trend is not uniform to all regions of Tanzania. High residual malaria transmissions are still concentrated in 21 out of the 27 regions of Tanzania mainland especially in north western and southern part of the country (TMIS, 2017), ranging from 17.7% in Ruangwa district  to 30.8%  in Kakonko district respectively, which is above the national malaria prevalence  rate of 7.3% (DHIS, 2017).

Despite the main focus on malaria control measures in Tanzania which include case management (early diagnosis and prompt treatment with effective drugs), vector control using insecticide treated mosquito nets (LLINs), malaria intermittent treatment in pregnant women, malaria epidemics prevention and control, education and communication, and operational research (PMI, 2015), Malaria cases and deaths have been increasing in some districts of Kigoma and Lindi regions (DHIS, 2017). This has been mainly due to dynamics of human and malaria vector biting behaviuor and intervention ineffectiveness, delayed health seeking, and reliance on clinical judgment without laboratory confirmation in most of the peripheral health facilities (PMI, 2014).  Thus, effective interventions to reduce malaria prevalence to 1% by 2020 (MoHSW, 2016) are inevitable.   

2.3.4 The Burden of Malaria Transmission in Ruangwa District
Malaria prevalence is high in Ruangwa district (17.7%) especially among the poor sections of the society since they cannot afford protection from malaria through improved housing (Ogoma, 2009), clean environment (Ijumba and Lindsay, 2001) and maximising the use of multicontrol interventions while both indoors and outdoors (Govella   et al.,  2010; Onyango   et al.,  2014). Ruangwa district is among the six districts of Lindi region which have a high malaria prevalence rate at 17.7%  which is higher than the regional malaria prevalence rate of 11.7% (TMIS, 2017).

Ruangwa ward which has an urban setting characteristic recorded the lowest prevalence rate of 18.7% whereas Mnacho ward which is located along the Ruangwa- Lindi highway had a moderate prevalence rate of 54.5%. Chienjere ward which has a semi- rural setting recorded the highest prevalence rates of 85.7% (DHIS, 2016).  According to the data on malaria incidence from the health facilities, malaria is the foremost health problem for both adults and children in Ruangwa District. Out of 49,707 people who attended health facilities, 48,658 were confirmed with positive malaria parasites whereas 34 deaths were reported (DHIS, 2017).

Malaria has significant impediments in the economic development of Ruangwa district since there are direct and indirect associated costs.  Direct costs of malaria include a combination of personal and public expenditures on both prevention and treatment of the disease. Personal expenditures include individuals or family spending on insecticide mosquito nets (ITNs) for example, a new mosquito net costs between TSh. 10,000 and 50, 000 depending on the quality and size of the net, doctor’s consultancy fees (TSh. 15,000 for a private facility), anti-malarial drugs (Artemeter lumefantrine TSh. 4,000 per dose), transport to health facilities, support for the patient and sometimes an accompanying family member during hospital stays.

Public expenditures include spending by local governments on rehabilitation of health facilities infrastructure. For instance, construction of a new dispensary   costs up to Tanzania shillings 300.0 million while renovation of an existing dispensary costs approximately Tanzania shilling. 52.0 million, sensitizing the masses about malaria vector control programmes and research. The indirect costs of malaria include decrease of productivity or income resulting from illness or death. In the case of death, the indirect costs include the discounted future lifetime earnings of those who die, funeral expenses and days people stay away from work while mourning their beloved ones (Monroe    et al.,  2014).

The main focus of malaria control measures in Ruangwa districts include case management (early diagnosis and prompt treatment with ACTs), vector control using insecticides treated mosquito nets (LLINs) and malaria intermittent treatment in pregnant women (DHIS, 2017). Despite these strategies, malaria cases and deaths have been increasing in the villages (Chienjere, 85.7% malaria prevalence), mainly due to  dynamics in human (Huho et al., 2013), malaria vectors biting behaviour patterns (Russell et al., 2011) and intervention ineffectiveness (Govella  et al., 2010; Sougoufara  et al.,  2014; Kisinza    et al.,  2017).

2.4 The Interaction Between Humans and Malaria Vectors
2.4.1 	Biting Patterns of Malaria Vectors
Long Lasting insecticidal Nets (LLINs) and house spraying (IRS) are interventions targeting endophagic (indoor biting), anthropophagic (prefer to feed on humans) and endophilic (rest indoors) malaria vectors (Lindsay, 2002). These interventions may  be insufficient to cover outdoor biting where the vast of exposure still occur (Govella    et al., 2010; Killeen and Moore 2011; Reddy    et al., 2011). This is because in recent years some mosquitoes which are known to be endophilic such as An. funestus and An. gambiae have been collected from some outdoor habitats from 1800 hrs to 0900 hrs (Shililu    et al., 2003; Moiroux    et al., 2012; Sougoufara    et al., 2014). 

A study conducted by (Russell et al., 2011; Gatton et al., 2012; Sougoufara et al., 2014) showed that some population of An. gambiae, An. arabiensis and An. funestus reduced behavioural susceptibility to indoor insecticidal interventions. The total bites 44.7% occurs between 1800 hrs and 2300 hrs, and at least 56.5% of bites occur outdoors, indicating that mosquitoes previously thought to be endophagic are now partially exophagic (Shilillu et al., 2003). The change of mosquitoes biting patterns from indoor-biting to outdoor-biting could be attributed to the pressure of human activities such as the use of LLINs, mosquito repellents, IRS (Rusell    et al.,  2011) and other traditional practices such as use of smoke in houses, (Bockarie  et al.,  1994). On the other hand, this situation constitutes a long term challenge in national malaria elimination strategies. Therefore, outdoor supplementary intervention is essential to suppress ongoing malaria transmission in Africa (Sangoro, 2014).

2.4.2 Outdoors Exposure  and Gaps Offered by  Malaria Control Interventions
Malaria is considered the most consequential parasitic infection in humans where individuals do not maximize the use of vector control interventions to prevent malaria infection (Govella    et al., 2010).  These interventions are Long Lasting Insecticidal Treated Nets (LLINs) which especially act as a protective barrier around people sleeping under them by reducing vector survival of mosquitoes which rest and feed indoors (Zaim and Nakashima, 2000). While IRS kill mosquitoes when they come in contact with treated surfaces and preventing malaria transmission (Pluess et al., 2010). For instance, in 2017, Fifty percent   of the people globally were protected by LLINs compared to 29% in 2010 (WHO, 2019). The same year, 67 million people were protected with IRS (WHO, 2017).
 
However, these interventions are especially effective against indoor biting and indoor resting species Gillies and De Mellion (1968), and are far less effective against An. gambiae and An. funestus which currently feed mostly outdoors after long term use of core malaria vector control interventions (Russell et al., 2011; Kitau  et al., 2012; Sougoufara et al., 2014; Bradley et al., 2015). In addition, some populations of An. gambiae and An. funestus known to bite indoors are currently biting extensively outdoors when most people are outdoors and possibly unprotected (Shillilu  et al., 2004; Russell  et al., 2011; Gatton  et al., 2013; Sougoufara  et al.,  2014). This is because, majority of the people spent most of the time conducting nocturnal livelihood outdoor activities which increase high risk to be beaten by infective mosquito bites to at least 56% (Shillilu et al., 2004). For instance, in Ghana household chores, funerals and small scale economic activities attended by large number of residents and were commonly conducted outdoors between 1800 hrs to 2300 hrs (Monroe,  et al.,  2015). 

Others are refuge in farming areas during harvest period in which their temporary houses cannot be sprayed with IRs and the net LLINs are incompatible (Swai,  et al., 2016). In addition, night gathering drinking brew Thierry (2010) and sleeping outdoor during the hot season could increase the risk of contracting malaria infection in some areas of Africa. In Burkina Faso, 99 % of LLINs recipients were found to use nets during the rainy season, while 20 percent used them during the dry season due to perceived lower risk of mosquitoes bite and practise of sleeping outdoors which enhance human vector interaction hence leading to residual malaria transmissions (Frey    et al., 2006). While in Rwanda residents were sleeping outdoor without LLINs due to perceived low mosquito and irritation (Ingabire et al., 2015). This situation constitutes a long term challenge to the elimination of malaria prevalence by 1% by the end of 2020 from current level of 7.3%, through effective implementation of core interventions of vector control (TMIS, 2017).

Besides, emergence of insecticide resistance to major vectors of sub-Saharan Africa has weakened the efficacy of these interventions preferably pyrethroids which is the only class of insecticides available in the use of LLINs (Ranson et al, 2011; Ochomo, 2013; Toe    et al., 2014; Ranson and Lissenden, 2016). For that reason, the scale up of existing vector control interventions will not be able to have any additional impact on these outdoor biting behaviour mosquitoes (Sougoufara et al, 2014). Therefore, knowledge of human social behaviour factors and community education on residual malaria transmission attributes and the use of repellents while outdoors are essential for the success of community malaria control (Figure 2.4). 

Figure 2.4: A Schematic Outline of How Specific Behaviour Contributes to Residual Malaria Transmission in Tanzania
Source: Killeen et al., (2016)


2.5 Nocturnal Risk Outdoor Activities that expose People to Malaria Vector Bites
Nocturnal livelihood, social, economic and cultural activities have beneficial aspects in the increase of National Gross Product (NGP) in the country (Africa Economy Outlook, 2017). Currently, Tanzania is the second largest economy in the east African community and twelfth in sub Saharan Africa (Africa Economy Outlook, 2017). As a result, individuals stay up longer outdoors at night time hours exposed to potentially infective mosquito bites for longer than usual (Monroe, 2015, Kweka, 2016; Moshi  et al., 2017). This situation is linked with ongoing residual malaria transmission in many settings outside sleeping hours which contribute to public health problems (Killeen, 2014; Monroe, 2015; Kweka, 2016). Residual malaria transmission is a significant impediment to social and economic development as it has been shown to slow economic growth in African countries. For instance, US$ 2.2 billion was invested in malaria control in 2017 (WHO, 2019).  In addition, absenteeism, days lost in education, decreased productivity due to brain damage from cerebral malaria, and loss of investment and tourism are among the significant costs associated with the malaria burden.

Ruangwa ward has a rural- urban setting that has both mixed urban and rural characteristics. Mnacho and Chienjere wards have para-rural settings.  During nocturnal hours, there are numerous livelihood social - economic activities conducted along main roads which expose humans to mosquito bites. Local beverage and alcoholic revellers, motor cyclists (boda-boda), petty traders and football fanatics are more vulnerable to bites by infected mosquitoes with Plasmodium parasites and cause a great bulk of feeding on them. This behaviour has significant limitation to consistent bed net use and hence malaria transmission (Thierry    et al., 2010; Sougoufara , 2014; Monroe, 2015; Kenea, 2016). 

For instance, most football fanatics and bar tenders spend most of the time in temporary structures which have no protection from bites by mosquito vectors and cannot be sprayed with insecticides to repel mosquitoes off the human body (Iwashita et al., 2011). These vulnerable groups not only place themselves in increased contact with the malaria vectors, but also place others at a greater risk of contracting malaria infections while outdoors (Thierry, 2010;  Monroes, 2015; Moshi et al., 2017). Other nocturnal outdoors risk activities are agriculture labourers. These people are also a high risk group since their temporary houses have no protection from bitings by mosquito vectors and cannot be sprayed with insecticides (Kweka, 2016). 

2.5.1 Malaria Control Strategies
Different  proven and cost effective approaches to control malaria   such as ACTs, LLINs and IRS  have  been initiated in malarious areas to ensure malaria morbidity and mortality is reduced at least by 90% in endemic areas by 2030 (WHO, 2015; Stelmach, 2018). These interventions have significantly contributed to the decrease in the burden of malaria in sub Saharan Africa. The incidence rate of malaria declined by 18% globally between 2010 and 2017, from 72 to 59 cases per 1000 population at risk.  In Tanzania, a combination of ACTs, LLINs and IRS contributed to a reduction in malaria morbidity and mortality rates from 9.2% in 2012 (THMIS, 2012) to 7.3% in 2017 (TMIS, 2017). 

Despite the gains, these tools have faced the challenges such as widespread insecticide resistance to malaria vectors (Ranson, 2011; Bilali, 2012; Nka, 2013; Kisinza, 2017), reduced behavioural succeptibility to indoor insecticidal interventions (Govella, et al., 2013; Sougoufara, 2014; Ochomo, 2017) and human behaviour change to staying longer outdoors conducting nocturnal outdoor activities during mosquito biting peak hours (Huho, 2013; Monroe, 2015; Kweka, 2016).
2.5.1.1 Artemisinin Based Combination Therapy (ACTS) 
ACTs is   the first global health priority drug and high killer of malaria parasites and reduces plasmodium in humans (WHO, 2019). Early treatment, adherence to prescribed regime and correct administration within the specified time terminates parasites and reduces severe complications in infected persons (Ahorlu, 2006; WHO, 2013; MohSW, 2016). However, ACTs resistance in Plasmodium falciparum would reverse the global strategy initiative of global control and elimination of residual malaria transmission by 90% in endemic countries by 2030 (GTS, 2015). For instance, in Cambodia, Mynmar, South–East Asia, Sierra Leone, ACTs resistance has been reported (Dondorp, 2009). Therefore, continuous monitoring of the ACTs efficacy which is a first line treatment of malaria in Tanzania and elsewhere in Africa is needed to adjust the policy on antimalarial drugs.

2.5.1.2 Long Lasting Insecticidal Net (LLINs)
Long lasting insecticidal nets (LLINs) substantially reduce malaria transmission by repelling and reducing the proportion to human exposure that occurs indoors when people are asleep (Zaim, 2000; Pluess, 2010). However, usage varies among individuals household, and such variations in actual usage may undermine the potential impact of LLINs and cause spatial heterogeneity on malaria transmission (Msellem, 2017). For instance, a study conducted by Govella, (2010), showed that the use of LLINs offered communal protection up to 90% in Dar es Salaam. On the other hand, the extensive use of LLINs in many settings is associated to increase in outdoor biting of malaria vector species in both urban and rural areas (Noor, 2007; Russell, 2011; Sougoufara, 2014). In addition, insecticide resistance in mosquitoes is another major obstacle in the use of LLINs (Antonio-Nkondijo, 2015). 

Most species of malaria vectors such as An gambiae s.l and An.funestus have developed resistance (Ranson, 2011; Riveron, 2013; Nkya, 2014; Akono, 2014; Antonio-Nkondijo, 2015; Menze, 2016). Therefore, complementary interventions that target outdoor and early –biting mosquitoes and new ingredients to enhance pyrethroids strength are imperative to eliminate and eventually eradicate the ongoing residual malaria transmission globally (WHO, 2019).

2.5.1.3 Indoor Spraying (IRS)
IRS is among malaria control interventions that are employed in areas with stable hyperendemic and where transmission is intensely seasonal or perenial in order to reduce malaria prevalence and seasonal increase of mobidity and mortality rates. IRS shortens the life span of vectors entering into the sprayed rooms, particularly those mosquitoes which feed and rest indoors. In 2017, one hundred  million people were protected by spraying DDT  insecticide inside the houses, including 45 million people in Africa and 1.9 million in Tanzania (Wadunda,2018; WHO, 2019). In addition, in Uganda, high coverage of IRs interventions applied a few months before epidemic peak contributed to the reduction of mosquito borne diseases for some years (Thomas, 2018). 

However, insecticide resistance by malaria mosquitoes is often attributed to extensive use of DDT used to control agriculture pests in Africa (Akogbeto, 2006). This practice hinders the effectiveness of DDT used in public health vector control. Similarly, at least 15 sibling species of malaria vectors have developed resistance patterns to DDT in that the insecticide is ineffective in malaria control (Akogiberto, 2005; WHO, 2007; Philbert, 2014). Another impediment is the increasing cost of insecticides. This is a major disincentive in the use of insecticides such as bendiocarb in areas experiencing pyrethroids resistance in Tanzania (PMI, 2014; Stelmarch, 2018).  Therefore, new active ingredients to insecticides used in IRS are vital for reduction of mosquito survival rates by both repelling and killing malaria vectors attempting to bite humans.

2.6 Efficacy of Insecticides in Malaria Control 
2.6.1 Insecticides Used In Malaria Control 
2.6.1.1 Pyrethroids
Is the only class of insecticides available for treatment of insecticidal treated bed nets (LLINS).  LLINs is specifically used for preventing human vector contact while people sleeping indoors. In  2012, the pyrethrods insecticides were estimated to account  for about 75% coverage used in public health and agriculture wordwide (WHO, 2012). Between 2015 and 2017, it is estimated that  a total of sixty two four million LLINs were distributed globally. Out of these 459 (83%) were distributed in sub Saharani Africa (WHO, 2019). Twenty  three eight hundred four LLINs were distributed to school going children, fouty four fifty four to pregnant mothers and five eleven thousand for infants in Ruangwa district (DHIS,2017). Despite these gains, report from countries with high coverage of LLINs, evidence for evolution of malaria vectors to pyrethroids have been detected. In Mauritania, high levels of pyrethroids resistance was detected in An. Arabiensis (Aichetou, 2018). An. gambiae in Burkina Faso (Toé, 2014), Yaoundé in Cameroon (Antonio-Nkondjo, 2016). 
In Mozambique, resistance to An. funestus has been detected (Riveron, 2019). In Tanzania, insecticide resistance to An. funestus  was reported  in Arumeru  district, An. arabiensis in Kilombero and Kondoa districts, while An. gambiae s.s in Bagamoyo, Mpanda and Muleba districts. However, few reports on resistance level to pyrethroid insecticide used on LLINs were documented from southern part of Tanzania (PMI, 2017). Therefore, during evaluation of permethrine and deltamethrin  insecticides possible resistance were detected in malaria vectors, this may be adequate maintaintain residual malaria transmision with high malaria prevalence in the district.

2.6.1.2 Carbamates
Carbamates are used in the form of bendiocarb for house spraying (IRS) (WHO, 2009), But, represents only a small percentage of global usage (WHO, 2012). Bendiocarb inhibiting cholinesterase prevents breakdown of neuro-stimulation and death of the vector (Menze, 2016). Resistance to bendiocarb was recorded in West African countries of Nigeria (Adedayo, 2012), Benin (Nazaire, 2013), and Ivory Coast (Mahama, 2017). Tanzania has recorded the resistance of An. gambiae s.s and An.  arabiensis in Mbozi and Ngara Districts (PMI,2017). 

However, with the increasing evidence of resistance following spray rounds in the Lake zone, a changed carbamate insecticide (bendiocarb) was used in 2011/2012 in two districts (PMI, 2012). This was expanded to all the 18 districts in the malaria prevalent epidemic areas in 2012/2013 (PMI, 2013). The strategy was then changed again in 2013 following further evidence of resistance in 2013. In 2014 and 2015, pirimiphos-methyl CS was introduced (PMI, 2016). The extensive use of pesticides in spraying cashew nuts, vegetable, legumes and weed in farm could be the source of resistance of malaria vectors found in Ruangwa district.

2.6.1.3 Organophosphate
Organophosphate are used for house spraying (IRS) in vector control in the form of fenitrothion organophosphates currently are significantly more expensive than other insecticides, and require toxicological monitoring for accidental overexposure during house spraying campaigns (IRS) (PMI,2017). In the organophosphates class, fenitrothion is commonly used in public health and agricultural particularly in rice and cotton crops which have been a main factor causing insecticide resistance in malaria vectors (Lines, 1988; Antonio-Nkondjo,2011 and; Philbert, 2014). Resistance to An. gambiae s.s was detected in Kenya (Benyl, 2017), Mali (Moussa, 2017) and An. gambiae and An. arabiensis Ivory Coast (Mahama, 2017). Due to development of resistance to malaria vectors, this insecticide no longer binding in acetylcholinesterase, which is the molecular target site mechanism of mosquitoes to be affected.

2.6.1.4 Organochlorine
Organochlorine is the first insecticide used in the form of dichlorodiphenyl-trichloethane (DDT).  DDT was the second most widely used insecticide for malaria vector control predominantly in the malaria eradication campaign in endemic countries in the 1950s (Curts, 1996). Malaria was almost forgotten in non-affected countries (Fillinger, 2009), with exception in African countries and Madagascar (WHO, 2001). Thus interest was lost for malaria control programs until in the 1990s (Curts, 2002). 
In 2001, the use of DDT was banned at the Stockholm Convection due to its persistent organic compound to the ground- more than 50 years (WHO, 2002). Due to increase in malaria cases and deaths, a national decision was made to change from DDT to pyrethroids for house spraying (IRS) (Curts, 2002). As an alternative insecticide to public health is limited, in 1999 continuation of the use of DDT was permitted until an alternative insecticide is available (WHO, 2007). It’s use caused a substantial decrease in malaria prevalence in Muleba district, Kagera region from 41% in 2008 (THMIS, 2008) to 9% in 2017 (TMIS,2017). 

However, the resistance in DDT insecticides is still an impediment in vector control. The first cases of resistance to DDT in malaria vectors were identified in the 1950s in An.funestus in South Africa and in 1951 in other Anopheles species (WHO, 2012).  In addition, in a study conducted by Chouaibou (2018) reported resistance of Anopheles on DDT in Cameroon. Due to development of resistance to malaria vectors, this insecticide is no longer binds in acetylcholinesterase, which is the molecular target site mechanism of mosquitoes to be affected.

2.6.2 Management of Insecticides Resistance in Malaria Vector Populations







The study was conducted in Lindi region because, apart from being the second region with high malaria prevalence at 26.3% in Tanzania, there was no anthropological and entomological study conducted in this region to identify the drivers of high malaria prevalence (PMI, 2015). 

Figure 3.1: Maps Showing the Region, District and the 3 Wards of Ruangwa District Comprising the Study Areas Which Are Shaded With Light Green Colour.

Ruangwa district was also selected because it is malaria endemic area with high prevalence rates at 32% despite high coverage of malaria control interventions compare to other district. Three wards of Chienjere, Mnacho and Ruangwa were selected basing on prevalence profile high, moderate and low respectively basing on  the health facilities records obtained from  District  Health Surveillance report and health facilities within the  village catchment area  (Figure 3.1) (DHIS, 2015). The study was conducted from March 2017 to March, 2019 in both rainy and dry seasons.

3.1.1 Topography
The study area is generally flat lowland with some hilly areas. The altitude for the whole district ranges between 313 meters to 549 meters above sea level. The district covers an area of 2,850 km2 of which 160.1 hectares are potential areas for irrigation. The villages lie in a low savannah land covered with grasses, bushes and scattered trees, narrow slow running streams with marginal vegetation and paddy fields, shallow wells, and ponds are seasonal breeding habitats for mosquitoes in the villages. 

3.1.2 Climate and Meteorological Data Collection
The climate of the study area is characterised by one rainy season which starts in November and lasts up to May, an average of 800 mm per annum. The daily temperature lies between 24 and 35 degrees Celsius. Rainfall, temperature and humidity data for Ruangwa district were obtained from TMA (Tanzania Meteorological Agency, 2017), and matched with the specimens during the respective seasons which they were collected (Table 4.1).

3.1.3 Demography and Social-Economic Activities
Ruangwa has a population of 131,080 people as per the 2012 Population and housing census. Many villagers are poor and cannot afford buying LLINs. Most of the people live in semi-permanent houses with mud, unburnt bricks and open eaves. Majority of the villagers domesticate livestock (keep cattle and sheep) near and close to their houses but often chickens and goats are kept under the same roof with people. During night time, most of them cook inside their houses but have dinner outside with the aid of the moonlight. This behaviour contributes to residual malaria transmission. There exist only a few households of middle and high income class; these can afford to build better quality houses, use solar panels for lighting and electricity. Majority of the houses have verandas in front where people gather at night during and after dinner. Some of the people sleep under LLINs while the majority do not. 

Most of the villagers are agriculturalists; few operate small businesses.  Between mid-December to mid-January and mid-June to mid –July each calendar year, there are four weeks in which children stay in  an open air ground in a jungle to attend traditional training practices- rite for boys “jando” (circumcision ceremonies) and initiation rites for girls “unyago” (trafficking ceremonies). The eligible group are children aged between 7 and 12 years -approaching puberty. The training is conducted by Kungwi (Unyago trainers), starting with an opening ceremony and climaxing into a big party in an open air ground.  This behaviour could be a contributing factor to high malaria prevalence in the district. 

3.2 Research Design
Mixed method approaches which combine quantitative and qualitative data collection were employed in this study. 
3.3 Sampling Strategy
The study was included different sample units which comprise Households and Regional Malaria coordinator and Malaria Focal Persons at district. The details of population, sample size and procedures are presented in the sub-sections below; 

3.3.1 Population
A study population was divided into two groups: (1) All malaria workers responsible for malaria prevention and controlling, at district level (2) All Head of households in the villages for studying behaviours maintaining residual malaria prevalence.

3.3.2 Sample Size
A total of 423 female mosquitoes were required for identification of mosquito species composition in the study area. The sample size was calculated based on the following formula; Kothari (2005):

Where n =Total number of female mosquitoes required.  
Z = a standardized normal deviate value that correspond to a level of statistical significance equal to 1.96; 
P= estimate of prevalence of malaria 17.7% ~18%
d= marginal of error which correspond to the level of precision of result desired (0.05)
n= 1.962  x (0.32) (1-0.32) = 403
               (0.052)
N= 403 human landing catches (HLC) per season.
Non-response rate= 5% of N=5/100 x 403=20
Total sample =403 + 20 =423     
Hence: N=423
Since there was one mosquito catching method, then the total of 423 x1= 423 sample size was collected over season and a total of 584 mosquitoes were caught for both dry and wet seasons.

To obtain a study houses, a total of three wards out of 21 wards of Ruangwa district were sampled and one village from each ward. Six (6) houses were sampled at each village and a total of eighteen (18) houses from three villages were surveyed in the district, this is according to recommendations on sample house to entomological study in a district (NIMRI, 2011).

3.3.3 Sampling Procedure
Study wards were selected using multistage random procedure as a first stage. Selection was made with the assistance of District Malaria Coordinators and in charge of dispensaries basing on the records reviewed from existing health facilities within the village. Three villages with high, moderate and low prevalence of malaria were picked basing the health facilities records. Sampling of indoor and outdoor mosquitoes was collected by collectors as bait in the six (6) selected houses by Human Landing Catches (HLC) from dusk to dawn. 

In the morning, collected mosquitoes were then sorted, counted by species and sex, and only Anopheles species were packed in Eppendorf tubes with dry silica gel separated from mosquito by thin layer of cotton and stored, and then, transported for further sibling species identification by Polymerase chain reaction (PCR) technique at Ifakara Health Research and Development Centre (IHRDC). Sampling was done for three consecutive nights in a week in each village and for eighteen days in both dry and wet season respectively.

3.4 Data Collection Methods
3.4.1  Sampling of Species Composition of Locally Available Malaria Vectors
 Eighteen houses with open eaves structure, six at each of the three villages were selected across Ruangwa District. Mosquitoes were collected by two collectors per house for thirteen hours each night from 1800 hrs in the evening to 0700 hrs in the morning using human landing catches (HLC). Indoor collectors based inside the houses were sat five meters from outdoor collectors at the outside location. Mosquitoes coming to bite the collectors were detected using a flashlight and were aspirated and placed in paper cups and recorded separately of each hourly captured.  Capturing of mosquito was done in 45 minutes in each hour, allowing, fifteen (15) minutes for rest. In order to minimize bias in mosquito sampling; the collectors exchanged shifts hourly per household. Therefore a total of 468 replicates were conducted for three consecutive days in 18 houses from March to April, 2019.

Figure 3.2: An Example of  Studied House with Open Eaves Where Mosquitoes Were Collected
3.4.1.1  Field Processing of Mosquitoes and Morphological Identification
Mosquitoes collected during the night were killed in the field with diethyl ether in the morning. These mosquitoes were first identified to sex and to species morphologically by aid of light microscope, but Culex and Aedes species were counted and discarded. Female An. gambiae s.l., An. funestus and An. coustani s.l were stored in labelled Eppendorf tubes with dry desiccant (silica gel) and were later transported to at Ifakara Health Research and Development Centre (IHRDC) for laboratory processing and species identification by polymerase chain reaction. 

3.4.1.2 Laboratory Processing of Mosquitoes
An.gambiae s.l and An.funestus group were further speciated by molecular level using polymerase chain reaction (PCR) technique to differentiate sibling species belonging to the different species complex group using Genomic DNA  extracted from both An. gambiae s.l and An. funestus complexes adult mosquitoes’ legs (Scott    et al., 1993). The legs of each individual adult mosquito were placed in 1.5 ml Eppendorf tube followed by addition of 20 µl of TE buffer, tris –EDTA. The specimens were then incubated at 95°C for 15 minutes in a heating block. The tubes were vortexed for 2 minutes, and then the DNA containing supernatant was separated by centrifuging at 12000 rpm at a room temperature for two minutes. 

Small parts of a mosquito such as a single leg can provide ample DNA for sibling species identification, allowing the rest of the specimen to be used for other analyses such as parasite detection (Scott    et al.,  1993). Therefore, the PCR technique for speciation using mosquito legs was applied because of its sensitivity in sibling species identification.
3.4.1.4 Differentiation of Anopheles Mosquitoes’ Sibling Species
3.4.1.4. 1 Speciation of the An. gambiae Complex Group
The PCR amplification of An. gambiae complex was based on the specific- nucleotide sequence of ribosomal DNA (rDNA) intergenic spacer region (IGS). The IGS region of the rDNA was amplified in a 25 µl reaction volume following slight modification protocol as described by Scott et al., (1993). Hence, the mixture contained 2.5 µl 10 x reaction buffer, 50mm mgCl2 10 pmo / µl of each primer, 2.5 µM of each dNTP, 5 unit thermo stable Taq DNA polymerase and 3 µl of DNA template over-lied by a drop of mineral oil. 

The PCR conditions includes an initial denaturation step at 940C for five minutes followed by 30 cycles at 940C for 30 seconds and 720C for 30 seconds with final extension at 720C for 3 minutes. One negative control which contained all substances in the PCR mixture was included except DNA. Four positive controls were also included as follows, An. funestus and An. arabiensis from Ifakara insectaries, An. quadriannulatus from Maureens insectary and An. merus from previous successful amplified sample. After amplification 13 µl of PCR products were analysed by electrophoresis on 2.5% agarose gel stained with 0.5 µg/ml ethidium bromides and 100 bp DNA ladder was included in DNA gel. DNA bands were revealed and photographed under ultraviolet light using Kodac Gel Logic 100 imaging system (Table 3.1). 

Table 3.1: Anopheles Gambiae Complex Amplified Fragment Size






3.4.1.4.2 Speciation of the An. funestus Complex Group
The PCR amplification of An. funestus complex was based on the species-specific primers in the non-coding region called Internal Transcribed Spacer 2 (ITS2) on the rDNA. The ITS2A region of the rDNA was amplified in a 25µl reaction volume as developed by Koekmoer et al., (2002) in order to detect the five members of the Anopheles funestus group. The mixture contained 2.5 µl 10 X reaction buffer, 25mM MgCl2, 30 pmol/µl of each primer, 8mM of each dNTP, and 5 unit of thermo stable Taq DNA polymerase and 3µl of DNA template over-lied by a drop of mineral oil. The PCR conditions included an initial denaturation step at 94oC for 5 minutes followed by 30 cycles at 94oC for 30 seconds, 50oC for 30 seconds and 72oC for 30 seconds with a final extension at 72oC for 3minute. One negative control was included which contained all substances in the PCR mixture except DNA. Five positive controls were also included, An. funestus, from Maureen’s insectary, An. rivulorum, An. vanedeen,An. parensis and An. leeson from previous successful amplified sample.  After amplification 13 µl of the PCR products were analysed by electrophoresis on 2.5% agarose gel stained with 0.5µg/ml ethidium bromide and 100bp DNA ladder was included in the gel. DNA bands were revealed and photographed under ultraviolet light using Kodac Gel Logic 100 imaging system (Table 3.2). 

Table 3.2: Anopheles Funestus Complex Amplified Fragment Size

Species	Sequence (5’-3’)	Size of PCR product (bp)
An. veneeden	5’-TGTCGACTTGGTAGCCGAAC-3’	587





3.4.2  Overnight Qquantification of Outdoor and Indoor Human Exposure 
Similar design as described in section 3.4.1 was implemented. Human biting activity of mosquitoes were measured indoors and outdoors stations for the entire night from 1800 hrs to 0700 hrs  so as to capture even those mosquitoes biting human at an unusual periods. Indoor exposure was quantified by mosquitoes caught indoors while most people are indoors (2300 hrs  to 0300 hrs) whereas outdoor exposure was also measured by mosquitoes caught outdoors (1800 hrs to 2300 hrs and 0400 hrs to 0700 hrs).The predictors were season and villages.

This information was complemented with associated human behaviour for hours they spent outdoors, hours they go indoors, hours they get on bed, hours they normally wake up and move outdoor in the morning and conducting diurnal activities so as to identify when and where people are more exposed to malaria transmission and consequently to recommend the effective intervention strategies that would cover both indoors and outdoors locations in Ruangwa district.

3.4.2.1 Detection of Infection Rates in Infected Anopheles Mosquitoes Collected to Determine Human - Vector Interaction
The infection rate in malaria vectors with Plasmodium falciparum within collected mosquitoes were detected by Circumsporozoites Enzyme linked Immunosorbent protein (CPS ELISA) (Burkot, 1984). Three negative controls of reared mosquitoes at IHI were included in each microtiter plate ELISA. A sample of results was considered positive if the optical colour intensity resulted to green colouration and the negative was shown by plane colouration with no colour at all.
3.4.2.2 Observation
Observation method was carried out to obtain additional information on human vector exposures and to determine how much time is spent by individuals from dusk to dawn outdoors. Observers sat from 1800 hrs to 0700 hrs in quiet places observing the behaviour of particular household members (Hours they go indoors at night,  hours they get on bed at night,  hours they wake up in the morning and hours the first member who goes outdoors in the morning) until all have gone out of their respective households. A similar procedure was conducted in all three studied villages for eighteen days, six each village. The data obtained from the observational surveys was plotted with mosquitoes caught indoor when most people are indoors and the mosquitoes caught outdoors when most people are outdoors with free hand. Every morning, data were entered in excel template data collection spread sheets by principle investigator for further analysis.

3.4.2.3 Interview
To complement observation findings, interviews were conducted with household members and the Deputy District Malaria Coordinator.  Household members were selected with the help of village leaders to maximise variation across age, gender, occupation, education and prevalence profile within the villages by Health Facility in- charge.  Every eligible and willing participant was interviewed in the household visited. The respondents were interviewed using structured questions relating to the hour they entered indoors, hours they get on bed at night, hours they arose in the morning and hours do they normally wake up and move outdoor to conduct livelihood activities in the morning. In addition, households were excluded from the interview if any member of the household had participated in the observation session. Hence, every eligible and willing participant was interviewed in the household visited.

3.4.3  Risk Nocturnal Outdoor Activities That Expose People to Mosquitoes Bite
In identifying risk activities that expose people to mosquito bites, observational surveys were conducted in the key risk areas of the three villages of Likangara, Nandagara and Chienjere. The risk surveyed areas were purposively selected with the aid of the Village heads in each village. Human behavioural surveys was conducted by the three Observers in different areas of villages; to assess proportion of time spent outdoors, identify key activities that people are involved in during those times such as outdoor behaviours. To do this, observers conducted direct observational technique in randomly selected risk areas to record and photograph the relevant nocturnal outdoor activities seen and number of people involved.  Observations were beginning at 1800 hrs to 0700 hrs, and were done at 30 - minute intervals. 

The same, observations of other human activities occurring peripheral of the village areas, also was conducted. This was done to identify and describe other risk nocturnal outdoor activities that are conducted away from the domestic and peri-domestic areas, but which expose people to mosquito bites and the range of interventions that are used in these communities. The observers, initially spent time to identify these activities with help of community leaders. Observations were similar to those done in the areas within the villages, except that the observers were moved between the sites where outdoor activities are done e.g. petty businesses, roadside/junction gatherings by young and adult men, weddings, funerals, watching televisions and other outdoor activities and gatherings.

3.4.4   Evaluation of Insecticides used in Vector Control Interventions
3.4.1 Larval Sampling (Immature stages of mosquitoes)
Weekly cross-sectional larval surveys in a variety of naturnal breeding sites were carried out between March and September, 2017.  Immature stages of mosquitoes were collected within one to ten kilometers  distance with the  help of Community leaders. Larvae were raised and hatched to adults in a small bowls inside the cages constructed from timbers covered with non impregnated pieces of nets. The breeding room was un used room with permanently open window to have similar temperature and humidity as outside. Every breeding cage was exposed to direct sunlight for about two (2) hours per day. Breeding sites coordinates were made using  Global Positioning System (GPS) and data on Anopheles larval denstity was recorded with free hand and thereafter entered in a computer.

3.4.2 Susceptibility Testing for Adult Mosquitoes
The female non-blood fed Anopheles mosquitoes used in these experiments were reared from larvae collected in three wards of Ruangwa, Mnacho and Chienjere wards in 2017. The ages of these malaria vectors were three to five day old nulliparous females. Susceptibility tests were performed according to WHO procedures (WHO, 2012). Approximately, 100 malaria vectors were exposed to standard concentration of 1% fenitrothion, 0.1% bendiocarb, 0.75% permethrin and 0.05% deltamethrin using WHO susceptibility test (WHO, 2013), and 50 mosquitoes for control experiment were exposed without insecticide. Each type of insecticides per test was performed for 15 minutes intervals, knockdown was recorded after 60 minutes and the mortality rates were also determined after 24 hours. Mortality rates after exposure were compared with the percentage of dead mosquitoes. The, mosquitoes population resistance results was classified as susceptible (98-100%), acquiring possible resistance (90%-98%) and resistance (<90%).

3.5 Statistical Analysis
3.5.1 Calculation of Malaria Vectors Species’ Composition (Abundance)
Analysis was done using R Software version 3.4.0. The total Anopheline mosquitoes captured by human landing catches (HLC) on the same night was calculated by the numbers of Anopheles collected by species and  the percentage divided in sub genus  for each village ( Likangara, Nandagara and Chienjere). These mosquitoes were tested and analysed by Chi-square test to determine the relative abundance of species composition and their seasonal variations in all mosquitoes.
 
3.5.2 Over Night Human Vector Interaction 
3.5.2.1 The Computation of individual Proportion of Exposure
(i)	The computation of individual proportion of exposure was done both during Indoor and Outdoor compartments.
(ii)	Indoor Exposure (πi): was estimated as the proportion of malaria mosquitoes caught indoor between (2300 hrs to 0300 hrs) when most people are indoors divided by the total mosquitoes caught between (1800 hrs to 0700 hrs).The predictors were season and villages as shown in equation 1.
(iii)	Outdoor exposure (πo):  was estimated as the proportion of malaria mosquitoes caught outdoor between (1800 hrs to 2300 hrs) plus (0400 hrs to 0700 hrs) when most people are outdoors divided by the total mosquitoes caught between (1800 hrs to 0700 hrs) by response variable which are seasons and villages as shown in equation and two (2) as previously described by (Govella et al., 2010; Seyoum et al., 2012; Huho et al., 2013).

A sequence of 13-hour intervals was defined that began at 1800 hours on the conventional 13-hour clock from dusk to dawn, so that t0 corresponded to the period from 1800 hrs to 1900 hrs and t1= to the period from 1900 hrs  to 2000 hrs in the evening, and continuing through to t13= for the period from 0600 hrs to 0700 hrs in the morning. The long interval was from 1800 hrs to 2300 hrs while most people are outdoors. The short intervals were from 2300 hrs to 0900 hrs when most people are asleep and from 0400 hrs to 0700 hrs, the period which falls under outdoor transmission when most people are out of bed.

In addition, counted data was then fitted into a Poison regression analysis in Software version 4.3.0 so as to quantify output of mean human exposure against village, season and location as risk factors. A Poisson regression model was chosen because it is used to model hours of exposures location of the same individuals from dusk to dawn whereas the number of mosquitoes caught on human was fitted as dependent variable. The following equations below were used to obtain human exposures contributing to malaria risks.


Figure 3.3: Definition of Parameters Used in the Computation of πi and πo


πi	  The proportion of malaria vectors  caught indoors  when most people are indoors
πo	  The proportion of  malaria vectors of caught outdoors  when most people are outdoors
∑ i	The summation of mosquitoes caught indoors 
∑ o	 The summation of mosquitoes caught outdoors
 The summation from the inset of malaria vector activity-    [t0= (1800hrs-1900hrs) to   t13  = (0600-0700hrs)]

3.5.2.2 Molecular Detection of Malaria Parasites in Malaria Vectors
The positive malaria vectors were obtained through computation of total Anopheles mosquitoes found to carry sporozoites in the salivary glands and analyzed by Circumsporozoites –Enzyme Linked Immunosorbent Assay (CPS-ELISA) divided by total sample of collected mosquitoes.  The positive mosquitoes indicated by a green colouration while negative by plain colouration:


3.5.3	Risk Nocturnal Activities that Expose Humans to Mosquito Bites
All quantitative data were entered and verified in Microsoft excel 2010, after which analysis of a list of activities and exposure time were examined using  Chi-square analysis which allowed repeated measures over a time on the same individual who conduct activities at different hours of the night by seasons and  villages as response variables. 
3.5.4 Evaluation of the Insecticides’ Effectiveness
3.5.4.1 Calculation of Percentage of Dose and Time Responses
Data from the field were recorded in a Microsoft Excel spread sheets with column of date, type of insecticides with dose response, time response and number of mosquitoes exposed in both controls and tests. The data then were exported into R Software version 3.4.0 where total mosquito tested were compared with mortality mosquitoes and expressed as a percentage. The 24 hour mortality rates was established by counting the number of mosquitoes killed at the end of the holding period which is 24 hrs, divided by total number of mosquitoes exposed, times one hundred (100). 

In addition, mortality rate was classified as susceptible (98-100%), possible resistance (90-97%) and mortality less than 90% proved the existence of resistant genes in the tested mosquito population WHO (2013). Abbott’s formula (1925) was not used in this study for the correction of mortality rates because the mortality rates in all tubes of mosquito control group tests were always less than 5%. 

3.6 Informed Consent, Ethical Consideration and  Approval
Informed consent was obtained from Village Health Facilities Authorities, Village Committee and individual head of household prior to conduct the study. Every household head was briefly explained verbally on the objective of the study, benefits, possible risks and their rights to refusal their house to be studied. Household head in respective house upon satisfaction regarding the decision to or not to be interviewed was asked to sign informed consent form voluntarily as a record to participate in the study and they were also given a room to withdraw from participating in interview session. Consenting eligible household heads were then offered a written informed consent form for further reading, ask question, seek clarification and to sign informed consent form willingly. 

In addition, the collectors used in these experiments were also recruited on written consent. The collectors were also informed about the study objectives and that they had a freedom to withdraw from their participation at any time during the study. All collectors were screened daily for malaria infection, and were provided with Mefloquine prophylaxis to protect them from contracting malaria infection. In case of any positive malaria, the victim was terminated from the experiment and treated with Altemether Lumefantrine (ALU) combination therapy (the first –line drug for malaria treatment in Tanzania).In terms of protection, the collectors were experienced in human landing catch process and they were allowed to wear loose jackets to prevent mosquito biting upper part of the body.

This study received ethical approval from the Medical Research Coordination Committee of the National Institute for Medical Research, Tanzania (Certificate No.NIMRI /HQ /R /8a /Vol.IX /3232).
CHAPTER FOUR
RESULTS
4.1 The Proportional Abundance of Mosquitoes Captured Both Indoors and Outdoors in Ruangwa District
The main objective of the study was to determine, for the first time, entomological and anthropological factors responsible for malaria high malaria transmission by using Ruangwa district as a case study, by investigating the composition of malaria vectors, quantifying human-vector interaction at night, identifying nocturnal outdoor human activities, and evaluating the effectiveness of malaria control interventions.  The study findings provided conclusive evidence to the question of relative abundance of mosquito species composition, their geographical distribution and seasonal variations as summarized below. 

Relative abundance of mosquito species composition: A total of 2,532 female mosquitoes were collected between March 2017 and September 2018 in 18 houses from the study area. Out of these malaria vectors An.gambiae s.l constituted 26.35% (n=680), An.funestus group constituted 0.31% (n=8) and An.coustani constituted 0.11% (n=3). Non-malaria vectors were also collected, where Culex sp. was the dominant species with highest density of 73.2% (n=1,854), while Aedes sp. composed a low density of 0.03% (n=1). The high density of mosquitoes was collected in Chienjere village, with abundance of 36.8% (n=932); followed by Likangara village, with abundance of 32% (n=820); and the least one was Nandagara village, with abundance of 30.8% (n=780). While the An. funestus and  An.coustani were collected in Likangara village, none was collected in Nandagara and Chienjere villages (Table 1). This implies that mosquitoes density varied from one species to another (χ2 = 80.82, df=3, p< 0.005). The detailed results of Anopheles mosquito’s species are further discussed in the following section.

Table 4.1: The Proportional Abundance of Mosquitoes Captured in Ruangwa District






Source: Researcher’s Fieldwork by observation

The composition of Anopheles species was determined morphologically, where, the presence of An. gambiae s.l and An. funestus was confirmed, both adding up to a total of 688 mosquitoes. In order to distinguish these mosquito group complexes by their sub-species a DNA test was conducted by using the polymerase chain reaction (PCR) method (Scott et al., 1993).  This PCR analysis for sibling species identification indicated that, two malaria vector species, namely, An. funestus  and An. gambiae complex constituted 84.4% (n= 581). The An. gambiae complex further branched into two sub-species, namely, An. gambiae s.s 43 % (n=297) and An. arabiensis 40% (n=278). 

In the An. funestus group, only An.funestus s.s sibling species was identified, constituting 1% (n=6) (Figure 2). Apart from the successfully identified mosquito species, the sibling species for some of the collected anopheles mosquitoes, constituting 16 % (n=107), were unamplified, where, 105 unamplified mosquitoes belong to An. gambiae complex and only 2 mosquitoes belong to An. funestus group. There was a considerable variation between An.gambiae sensu lato and An.funestus (χ2 =79.93, df =3, p<0.005). The pie chart presented as figure 2 summarises these findings. 

Figure 4.1: The Proportional Abundance of Anopheles Mosquitoes Captured in Ruangwa District 

A geographical comparison of mosquito abundance based on their species showed the following, with village-wise percentages indicated in brackets: the distribution of An. gambiae s.s, was as follows: Likangara(29%), Nandagara (5%), Chienjere (18%); the distribution of An. arabiensis, was as follows: Likangara(18%), Nandagara (4%), and Chienjere (25%); the distribution of An. funestus s.s, was as follows: Likangara(1%), Nandagara (0%), and Chienjere (0%); and for each village the collective abundance of mosquitoes, with figures in brackets, were as follows: Likangara (48%), Nandagara (9%), and Chienjere (43%). There was a significant difference in mosquitoes collected between Likangara, Nandagara and Chienjere villages (χ2 =79.93, df =3, p<0.005).Figure 4.2: provides further details. 
A geographical comparison of mosquito abundance based on their species showed the following, with village-wise percentages indicated in brackets: the distribution of An. gambiae s.s, was as follows: Likangara (29%), Nandagara (5%), Chienjere (18%); the distribution of An. arabiensis, was as follows: Likangara (18%), Nandagara (4%), and Chienjere (25%); the distribution of An. funestus s.s, was as follows: Likangara (1%), Nandagara (0%), and Chienjere (0%); and for each village the collective abundance of mosquitoes, with figures in brackets, were as follows: Likangara (48%), Nandagara (9%), and Chienjere (43%). There was a significant difference in mosquitoes collected between Likangara, Nandagara and Chienjere villages (χ2 =79.93, df =3, p<0.005).

Figure 4.2: Geographical Variation of Anopheles Mosquito Population Collected in the three Villages of Ruangwa District

A study of seasonal population variation of malaria vectors detected disparity between species collected during rainy and dry seasons, with total abundance of 95% (n=553) during the rainy season and a total abundance of 5% (n=28) in the dry season. At a village level, Likangara had  an abundance of 88% (n=203) during the rainy season and a total abundance of 12% (n=28) in the dry season; Nandagara had  an abundance of 100% (n=52) during the rainy season and a total abundance of 0% (n=0) in the dry season; and Chienjere had  an abundance of 100% (n=298) during the rainy season and a total abundance of 0% (n=0) in the dry season. Figure 4.3 below summarizes the results. 


Figure 4.3: Seasonal Variation of Malaria Vectors between Species by Villages

4.2 Proportions of Human Exposure Occurring Both Indoors (Πi) And Outdoors (Πo) Locations Between Seasons In The Three Villages Of Ruangwa District
Figure 4.7, presents the Poisson regression output of the proportion of human exposures.  The average percentage of malaria vectors caught outdoors was 58.02% (95% CI 55.93-60.82) while the average percentage of malaria vectors caught indoors was 37.10 (95% CI 31.71 – 41.28), were these figures were calculated basing on equation 1 and 2 section 3.5.
The mean biting density per person per hour was high at outdoor compartment (1800 hours to 2300 hours and 0400 hours to 0700 hours) compared to indoor compartment (2300 hrs to 0900 hrs). There was however, a significant increase in the risk of residents being bitten by infective mosquitoes while outdoors by 21.18 % (95% CI 17.26 - 27.140, P < 0.001, Figure 4.4). Suggesting that, people who spend between 1800hrs to 2300 hours and 0400 hrs to 0700 hours outdoors are at risk of being bitten by infective mosquito and contracting malaria. 

When mean biting density was compared between rainy and dry seasons 58.43% (95% Cl 52.43- 65.17 P<0.001) and 21.32% (95% CI 16.19- 27.68, P=0.001) were recorded in the three villages. These results show that season is positively associated with high human biting density. 


Figure 4.4: Light Blue Colour with Pink Indicates Outdoor Exposure While Dark Blue with Red Show Indoor Exposure per Species

Figure 4.5: Light Blue Colour with Pink Indicates Outdoor Exposure While Dark Blue with Red Show Indoor Exposure per Season per Village


In addition, An. gambiae s. s and An. arabiensis did not show preference to bite either indoor or outdoor compartments (Figure 4.4). The proportions caught indoor was 037.1% (95% CI 31.71-41.28), and for outdoor was 58.02% (95% CI 55.93-60.82). However, high density of mosquitoes were caught when most people are outdoors between 1800 hrs to 2300hrs and 0400 hrs to 0700 hrs. This ndicates that the proprtion of human exposure to malaria mosquito species occuring outdoors was high for individuals where few outdoor malaria control interventions are few.

4.2.2 Molecular Detection of Malaria Parasites in Malaria Vectors Caught on Humans by Human Landing Catches (HLC)
The 584 Anopheles mosquitoes confirmed as malaria vectors by PCR technique were also tested by Circumsporozoites- Enzyme Linked Immunosorbent Assay (CPS-ELISA (Burkot, 1984) for the presence of malaria parasites (Plasmodium falciparum and Plasmodium vivax). Out of these mosquitoes, only one (1.7 %) An. arabiensis mosquito was found to carry sporozoites in salivary glands. (Table 4.2).
Table 4.2:  Infection Rates in Malaria Vectors Detected by Circumsporozoites
 CSP -ELISA in Ruangwa District







Source: researcher, 2020 


4.3 Nocturnal Outdoor Activities That Expose People to Mosquitoes Bites
There were eight types of nocturnal activities that were mostly observed to occur outdoors for the majority of unprotected individuals while conducting outdoor activities. These activities were compared to outdoor biting of host seeking mosquitoes occurring concurrently when most people are outdoors between 1800hrs to 2300 hrs in the evening and from 0400 hrs to 0700 hrs in the morning hrs suggesting that outdoor intervention is essential (Figure 4.6).

Figure 4.6: Types of Nocturnal Risk Activities That Expose People to Mosquitoes Bite
Source: fieldwork
In addition, detailed findings from field observations results showed the number and types of nocturnal risk outdoor activities expose human to mosquito bite in Ruangwa district. Figure 4.6 and 4.7 present the Chi square test output for the number of mosquitoes caught outdoor per person per hour against human risk behaviours on nocturnal outdoor activities. Results show that outdoor chatting is a leading activity as most household members avoid smoke nuisance by staying outdoors from evening to late night, chatting, taking dinner and bathing (19%).​[1]​  This is followed by local drinking brew gatherings (15%),​[2]​ petty business (14%),​[3]​ watching football in open spaces or temporarily enclosed structures,​[4]​ drinking in local gatherings (14%),​[5]​ and watching television and football (12%).​[6]​ 

These activities are positively associated with mean biting density per person per hour. On average, mean biting density per person per hour increases by 0.664 bites for individuals chatting outside and by 0.0366 bites for those taking local brew, conducting petty business and watching football matches in open spaces or temporarily enclosed structures, suggesting that drinking brew, petty businesses, chatting, and watching football match increases human’s outdoor exposures. Chienjere village had high numbers of victim of circumstances (35.94%), followed by Mnacho (33.90%) and Likangara (30.14%) (Figure 4.6). 

The seasonal variations field observations results showed that the number and types of nocturnal risk outdoor activities expose human to mosquito bite in Ruangwa district. As described in figure 4.7, these activities were varied between seasons; most activities were conducted during dry seasons (47.48%) as compared to rainy seasons (52.52%). This has epidemiological concern on the use of supplementary outdoor intervention despite the few mosquitoes captured.

Figure 4.7: Nocturnal Outdoor Activities Conducted While Mosquito Caught Outdoors and Most People Are Outdoors by Season and Villages


4.4 Evaluation of Insecticide Resistance Level to Malaria Vectors
World Health Organization (WHO) Susceptibility test to four insecticides: deltamethrin  (0.05%), permethrin (0.75%), fenitrothion (1%) and bendiocarb (0.1%) were conducted for An. gambiae s.l mosquitoes (emerged from larval collected from natural breeding site collected in the three villages) to determine both reduced efficacy and full control failure of malaria control interventions used in malaria control. Four replicates were conducted per insecticide. Out of 100 Anopheles specimens tested on permethrin (0.75%), 97 recorded mortality, this represented 97%.
 In addition, of the 100 Anopheles mosquito specimens that were tested on deltamethrin (0.05%), 95% of those died. These results have shown that the insecticide used in treatment of Long Lasting insecticidal Nets (LLINs) from pyrethroids class  are relatively effective in killing or repelling mosquitoes off human (χ2 = 3.375, df= 3, p<0.01). 

Similarly, 100 specimens were tested on fenitrothion insecticide, 96% of these died. This implies that the insecticide used in house spraying (IRS) from organophosphates class is comparatively effective in killing mosquitoes when they come to contact with sprayed area inside the house before and after feeding (χ2 = 3.375, df= 3, p<0.01). However, by comparison efficacy between permethrin, deltamethrin and fenitrothion insecticides, no significance differences  were found, they have shown similar possible resistance level as evidenced by  Chi- square test (χ2 = 11.25, df 3, p<0.05). Figure 4.8 provides more details. 

Likewise, out of the 100 Anopheles specimens tested on bendiocarb (0.1%) insecticide, 75 recorded mortality, which accounted for 75% (Figure 4.8). An. gambaie s.l mosquitoes was resistant to bendiocarb as compared to deltamethrin, permethrin and fenitrothion insecticides (χ2 = 2.65, df 2, p>0.05). In addition, the significant different was observed between bendiocarb permethrin, fenitrothion and deltamethrin insecticides, mortality were higher in deltamethrin, permethrin and fenitrothion insecticides than in bendiocarb insecticides (χ2 =25, df =3, <0.01) Figure (4.8). 

Figure 4.8: Results of World Health Organization (WHO) Susceptibility Tests for An. gambiae s.l Mosquitoes collected in Ruangwa district








5.1 Species Composition of Malaria Vectors available in Ruangwa District
Concerning mosquito species composition, the study confirmed that, out of the 2,532 mosquitoes which were captured in Ruangwa, the following relative abundances, with figures in brackets, apply: An.gambiae s.l (26.35%),  An.funestus group (0.31%)  and An.coustani (0.11%);  Culex sp. (73.2%), and Aedes sp. (0.03%); where, An. gambiae, Arabiensis, An. funestus and An.coustani belong to the anopheles mosquitoes, which are malaria vectors, collectively constituting 26.76% of the collected mosquitoes. 

The study further confirmed that, out of the 688 Anopheles mosquitoes which were captured in Ruangwa, the following relative abundances, with figures in brackets, apply: An. gambiae s.l. (83%), An. funestus (1%) and unamplified cases (16%); where, further PCR analysis revealed that, relative abundances of the sibling species of An. gambiae s.l., namely, An. gambiae s.s and An. arabiensis were was 43% and 40% respectively. 

The appearance of unamplified cases amounting to 16% (n. 107), during PCR test does not, most probably, defeat the conclusions reached by this study. This is the case because; a comprehensive set of primers was used in the PCR test to identify all 11 sibling species of An. funestus and 8 sibling species of An. gambiae complex. So, it follows that, the unamplified cases are outside the category of malaria vectors under this study. This result is comparable to another study while studying An.gambiae s.l the dominant specie among the species collected in Rufiji district (Kigadye et al., 2010; McCann, 2017).

Apart from the discovery of high abundance of new malaria vectors, the study established the existence of non-malaria vectors.  In the present study, two genera of Culex.sp and Aedes sp. non-malaria vectors were collected from three village of Ruangwa District. Culex sp. was the dominant species with highest number (72.87%) among all mosquitoes collected. Also, Aedes was the least species having a lower number of mosquitoes among collected species (0.51%). This concurs to studies done at Niete, Cameroon and Mheza, Tanzania  (Bigoga et al.,2012, Emid,2017) Also, Aedes was the least species having a lower number of mosquitoes among collected species (0.51%), This result is the same as reported by Huber,2002; Coulibaaly et al., 2010; Mohani et al., 2014) in their study of seasonal variation of Aedes sp. Hence, this discovery invites preventive interventions related to diseases transmitted by Culex and Aedes mosquitoes, namely, lymphatic filariasis.  

And concerning geographical distribution of malaria vectors in Ruangawa District, the study confirmed that, for each village the collective abundance of mosquitoes, regardless of thgeir species, and with figures in brackets, were as follows: Likangara-urban (43%), Chienjere -typical rural (48%) and Nandagara semi-rural (9%). This finding is similar to the one reported by (Oyindamola, 2010), that malaria prevalence is higher in rural areas as compared to urban areas. 

Concerning seasonal variation of malaria vectors in Ruangawa District, the study confirmed that, there is seasonal population variation of malaria vectors between species collected during rainy season and dry season, with total abundance of 95% during the rainy season and a total abundance of 5% in the dry season. This results is consistent with one obtained by Kabbale et al., 2013) in Uganda.

5.2 Human Vector Interactions over the course of the Night and the Gaps Offered by Malaria Control Interventions
This study sought to provide answers to the question: Do Human-Vector interactions have direct epidemiological implication to personal protective effectiveness gaps offered with LLINs over the course of the entire night? This study has answered this question in the affirmative for the following reasons: First, long lasting insecticidal treated nets (LLINs) is the one of the main vector control strategy as a national control approach in the fight against malaria and other mosquito borne diseases in Tanzania. This intervention contributed to the reduction in malaria incidences and deaths by 50% in 2017 (PMI, 2018). 

However, the evidence from several scholars indicates that human behavioural aspects on nocturnal activities have influence on malaria transmitting vectors (Monroe, 2019). On the other hand, it has been reiterated that there is behavioural change in malaria vectors from indoor to outdoor feeding following intensive use of LLINs indoors (Russell et al., 2011; Moiroux et al., 2012; Sougoufara et al., 2014; Thomsen et al., 2017), for it poses a significant challenge in human vector interaction together with the elimination of residual malaria transmission and eventual eradication (Ranson et al., 2011; Nkya et al., 2014; Kisinza et al., 2017).

Secondly, the proportion of human exposure occurring indoors (πi) for individuals was computed to be 50.02% (95% CI 55.93-60.82) mean bitings per person per hour while human vital exposure occurring while outdoor (πo) for individuals was computed to be 37.10 (95% CI 31.71 – 41.28) mean exposure per person per hour (which means the difference of 0.21 mean bitings per person per hour. Moreover, 50% of the Ruangwa residents are still outdoors between 1800 hrs to 2300 hrs, which is the period having peak human biting density of 21.18 % (95% CI 17.26 - 27.140, P < 0.0001) mean exposure per person per hour.

Likewise, 21% of the Ruangwa residents wakes up for outdoor activities between 0400 hrs to 0700 hrs, a period having a high peak mean exposure of 8.02% (95% Cl 6.93-11.83). However, the risk of malaria transmission while humans are outdoors constitutes a major component of the residual transmission that requires the use of outdoor protective measures. Lastly, 39% of the Ruangwa residents sleep indoors between 1800 hours to 2300 hrs a period which has intensive peak human exposure of 37.10 (95% Cl 31.71 – 41.28) mean biting per person per hour.

Thus, given that most of the current malaria control interventions are associated with LLINS and IRS technologies which are meant for indoor uses against indoor feeding mosquitoes while people are sleeping, it is prudent to formulate interventions which are multifaceted in the elimination and eradication of malaria transmitted by both indoor and outdoor feeding vectors.  This is supported by the findings of (Russell et al., 2010; Sangoro et al., 2014; Ishengoma et al., 2018) in their study conducted in Tanzania. They reported that even where population coverage of LLINs and IRS is high; there still ongoing residual malaria transmission not amenable to control. 

Furthermore, LLINs have been implicated in modifying malaria vectors habits and species composition. Analysis of  biting patterns of  malaria vectors in the studied area have shown to bite extensively outdoors in early evening (1800-2300 hrs) and early morning(0401-0700 hrs) when most  people receive 8.02% (95% Cl 6.93-11.83) mean biting density per individual per hour when they are  outdoor and possibly unprotected (Figure 4.4). This suggests that, LLINs are far less preventing malaria transmission caused by outdoor-feeding malaria vector populations. This is in agreement with findings obtained by (Shililu et al., 2004) that of all the total bites, 44.7% occur between 1800-2300hrs and at least 56% occur outdoors. Indicating that, malaria mosquitoes thought to be endophagic feeding indoors are now exophagic (feeding outdoors) (Shililu et al., 2004; Bayoh et al., 2010; Russell et al., 2011; Kitau et al., 2012; Durnez and Coosemans, 2013; Sougoufara et al., 2014). 

Similarly, in Tokoli district Benin, the outdoor biting rates of An. funestus were between 60.9% and 68.1% (Moiroux et al., 2012). These flexible behaviours of malaria mosquitoes present a challenge in the ongoing residual malaria control and elimination program in Ruangwa because these vectors are less vulnerable to LLINS and IRS (Figure 4.8). Therefore, this shows that current malaria control practices have to be supplemented by outdoor malaria control interventions. The latter include repellents (Clement et al., 2010; Sangoro et al., 2014). Powerful repellents could potentially be used in combination with LLINs in the early evening and morning when most people are outdoors as additional community protection in Ruangwa district to suppress the ongoing residual malaria. 

These findings were also supported by a study conducted by Rowland (2004) in Pakistani. He reported that repellent can protect individuals from mosquito bites for over 12 hours while outdoor. In Southern Asia, 60% of malaria transmission was reduced due to repellents use (Rowland et al., 2004). In Ghana, 35% (Deressa et al., 2014) and Ethiopia 19% (Dadzie et al., 2013) reported that malaria infection were reduced following the concomitant use of both indoor and outdoor interventions. This implies that, policy makers should priotize and sensitize the community on acceptability and utilization of repellents as supplementary tools to avoid outdoors biting and contracting malaria infections wherever they are indoors and outdoors.

The present study  also observed that the high rate of human vector interaction observed during the night hours is exacerbated by socio-cultural beliefs and practices that take place at night   (Hailley et al., 2012; Thierry et al., 2014; Monroe et al., 2015; Moshi et al., 2017, Monroe, 2019). These activities include: chatting outdoors, watching televisions,  indoor cooking practices which force residents to take refuge outdoors as they escape indoor smoke nuisance; local brew consumption from dusk to dawn in an unclosed structures; trafficking ceremonies for girls and  circumcision ceremonies for boys which take place in bush open spaces for about a month continuously; the belief by some residents that mosquito nets have a causal relationship to impotence in men; and poorly ventilated house construction styles which force some residents to sleep outdoors during dry seasons as to escape indoor night heat. 

Hence, deliberate interventions to adjust these socio-cultural beliefs and practices can highly contribute to malaria control by minimizing outdoor human vector interactions.  This is also supported by a study conducted in Ghana by (Ahorlu et al., 2006). It was evidenced that improved community knowledge on the dynamics of human behaviour and biting patterns of malaria vectors promote preventive personal practises among affected communities. This was also evidenced by (Moshi et al., 2017) in a study conducted in Kilombero, United Republic of Tanzania. One of the major challenges facing the community of Ruangwa is lack of knowledge from Malaria health staff (Dunn, 2011).  There was no Malaria Focal Persons based at both ward and village levels. The district had only one assistant Heath Officer who also doubled as the Deputy District Malaria Coordinator but was based at the district headquarters.

Findings from this study further indicated that apart from lack of knowledge, geographical distribution of the ward had significant association with high prevalence of malaria in the studied wards. Likangara village is based in an urban setting at the district headquarters. Malaria prevalence stood at 17.8 % as compared to Chienjere village (typical rural) where high prevalence rates of malaria was at 87.5% (DHIS, 2016). This finding is similar to the one reported by (Oyindamola, 2010), that malaria prevalence is higher in rural areas as compared to urban areas. 

This was also revealed by results from this study, among 584 confirmed  malaria vectors only one mosquito of An. arabiensis specie was captured in Chienjere village based in peripheral  areas was  positive with Plasmodium falciparum parasites  (0.17%, n=1), which was considerably smaller  than  0.7%  that was obtained by  (Protopopoff et al., 2015) in a study conducted in  Muleba District  North-Western part of Tanzania.  This results is contrary to one reported at Bayelisa state in Nigeria, where they observed the highest positive sporozoites rates in An. arabiensis (7.9%) as compared to a  smaller amount of these mosquitoes detected in  Ruangwa district (Ebenezer et al., 2016). 
Additionally, it is also uncommon to find sporozoites negative in all 297 An. gambiae s.s tested with Circumsporozoites Plasmodium falciparum and Plasmodium vivax protein infection in area with high malaria prevalence ranged from 17.7 % in Ruangwa ward to 85.7% in Chienjere ward (DHIS, 2016). The results of this study coincide with one reported by Drakeley (2003) in a study conducted at Ifakara, Kilosa in the Republic of Tanzania. It was found that out of 567 malaria mosquitoes tested, of these An. arabiensis constituted (91.5%) and An. gambiae s.s (8.5%), but none of these mosquitoes were sporozoites positive. The present study results also coincide with that reported by (Kenea et al., 2016), they also found sporozoites negative in mosquito sampled in areas with seasonal and high malaria transmission like Nandagara village.

5.3 Nocturnal Outdoor Activities that Expose People to Mosquito Bites
The study also sought to answer the following question: How do changes in human behaviour on nocturnal outdoor activities affect the effectiveness of malaria control interventions? The findings indicate that changes in human behaviour have a negative effect on the current malaria control interventions which mainly focus on endophagic (indoor feeding) malaria vectors (Govella et al, 2010; Matowo et al, 2013; Sangoro et al, 2014; Bradley et al, 2015 and Kenea et al, 2016) This is the case because of the following observations: First, 45% of human activities are performed outdoors at night between 1800hrs-2300hrs and 0400hrs-0700hrs, which has the highest human biting density of 50.02% (95% Cl 55.93-60.82).  Secondly, 35% of human activities are performed outdoors at night between 0400 hrs-0700 hrs, which had low human exposure 8.02 (95% Cl 6.93-11.83); which has the lowest human exposure among all victims. From these observations it follows that, there is a misalignment between the current malaria control interventions and the popular human activities at night (Kitau, et al.., 2012; Matowo, et al., 2013; Monroe et al., 2015), such that, the current malaria control interventions mostly target indoors human vector interactions (Sinka et al.,2010). 

As a result, there will be a substantial proportion of residual malaria transmission occurring outdoors in the early evening and morning when most people are at outdoor compartment and possibly unprotected (Killeen et al., 2014; Monroe et al., 2017; Monroe, et al., 2019) that current malaria control intervention such as LLINs and IRS cannot tackle on going residual malaria transmission (Govella, et al,. 2010; Rusell, 2011; Okumu, 2013). Hence, repellents, both topical and spatial provide solution for control of outdoor transmission (Rowland, et al., 2007; Sangoro, 2014). This is consistent with the results reported by (Sangoro, 2014) in the republic of Tanzania while conducting a study “can repellents reduce malaria transmission in Tanzania” The scholar evidenced that, DEET lotion and repellents can protect early evening biting over four hours. For instance, topical repellents which applied on the skin have reduced by 34%, the rate of malaria transmission in Ghana (Deresa, 2014) and 19% reduction in Ethiopia (Dadzie, 2013). Therefore, higher authority and police makers should sensitize the community on acceptance and use of repellents as a complementary to LLINs and IRS as a strategy to reduce malaria in the community of Ruangwa district.

5.4 Evaluation of the Level of Insecticide Resistance to Malaria Vectors
The present study also evaluated the susceptibility status of bendiocarb, deltamethrin , and permethrin and fenitrothion insecticides resistance level against malaria vectors in Ruangwa district, southern part of Tanzania. The study confirms the resistance of bendiocarb 0.1% in the studied area. The level of mortality recorded was 75%.  The resistance level of bendiocarb to malaria vectors is consistent with one reported by PMI (2016), in a study conducted in Ngara and Mbozi, Tanzania which accounted for 58% in mortality rates of Anopheles species tested. This is also corresponding with (Antonio-Nkondijio, 2016) in a study conducted in Younde, Cameroon. He reported that An. gambiae s.s is resistant to bendiocarb insecticides.  Moreover, recently (Wanjala 2018; Kweka 2018), confirmed that bendiocarb resistance to malaria vectors was observed at Iguhu and Kabula areas of Western Kenya. 

In addition, WHO susceptibility tests indicated that deltamethrin  0.05% showed a possible resistance level in all wards. This results relates to one reported by (PMI, 2016) in a study conducted in Mbozi and Geita; and at Iguhu, Kenya (Wanjala, 2018;  Kweka 2018). But in a study conducted by Matowo et al., (2010) in Moshi Tanzania, they reported that, malaria vectors are resistant to pyrethroids insecticides.

Furthermore, permethrin had 3% level of possible resistance. This result coincides with one reported by (PMI, 2016) in Musoma Rural, Tanzania. However, (Akogbeto, 2006; Ochomo et al., 2013; Massebo et al., 2013; Matananga et al.,  2015) in Kenya and Malawi  observed that, even in the presence of possible pyrethroid resistance, LLINs perform better than untreated nets in terms of protection against mosquito biting in endemic countries. This  results is contrary  to the present study in which respondents complained about being bitten by malaria vectors despite sleeping under mosquito beds which are treated (LLINs), this scenario could  be the cause of high malaria prevalence in the study area. This results is also supported by the Kwa-Zulu Natal  malaria control program in which there was a switch from  the use of  DDT to deltamethrin  for indoor spraying. Malaria cases increased four-fold. This policy was changed to revert IRS with DDT which reduced malaria cases by 91% (Maharaj and Sharp, 2005). 

Similarly, the Anopheles mosquito used to test the effectiveness of fenitrothion 1% was collected in lowland areas with rice, fruits, maize, cashew nuts and vegetable farms. The results indicated that there was a possible resistance ranging from 3-5% level. This result is similar to one obtained in Benin by (Gnanguenon et al., 2015). In Kenya, resistance to bendiocarb was reported in Mwea and Ahero rice farm (Ngala et al., 2015) which is similar to the results of present study.  Moreover, in Columbia, similar result was in consensus with one reported by (Orjuera, et al., 2018). 

However, overall observation concluded that, resistance and possible resistance of insecticides to malaria vectors were due to cross contamination from cumulative pesticide compounds used   to control pests in agriculture and livestock as well as weed control in the studied area. (Nkya et al, 2013). This results coincide with those   observed in Cote d’ Ivory, Kenya, Cameroon and Benin, it was found that, resistance in Anopheles mosquitoes was originating from rice farms, tomatoes and vegetable growing areas (Bigoga et al., 2007; Menze et al., 2008; Djegbe et al., 2011; Edi et al., 2011; Hitoshi, 2011 et al.; Nkya et al., 2013; Mwangagi et al., 2010 and Antonio-Nkondijio, 2015, Kweka, 2018).

Besides, the study revealed that the resistance level I report is alarming, because the total planted area applied with pesticides (insecticides 46%, fungicides 33% and herbicides 21%) by smallholders on both annual and permanent crops and vegetables for controlling insects, fungi and weeds was approximately 1260 hectors. Cereals had the largest planted area with insecticides use, followed by pulses, fruits, vegetables. Cashew nuts were much greater than other crops types.

On top of that, the top six annual crops with highest percentage use of herbicides were maize, cassava, sorghum, groundnuts, cashew nuts, rice and cowpeas. Additionally, cereals such as oil seeds, pulses, fruits, vegetables, roots and tubers had also the largest area planted and applied fungicides. This study suggests that, abuse of pesticides use in agriculture influenced the pollution and contamination of the breeding sites which affects mosquito population susceptibility to insecticides (Figure 5.1). 


Figure 5.1: Herbicides and Tomato Farm Based in Lowland Area Where Pesticides are used in Pests and Weed Control. (Seventy Percent of Anophelines Mosquitoes Tested Were Collected From Shallow Wells in a Cultivated Area)






Based on the study findings and the related discussion above, the study has shown that: An. gambiae and An. arabiensis are important local malaria vector in Ruangwa district and An. coustani s.l and An. funestus are less important vectors, but an incidental An. coustani has epidemiological concern since it is an important malaria vector in neighbouring countries of Kenya and Zambia along with other African countries like Nigeria and South Africa.  Also, it has been shown that, the abundance of Anopheles mosquitoes are high in rainy season as compared to the dry season. 

From these findings, a number of conclusions follow directly. The identification of the local malaria vector responsible for high malaria prevalence in a study area, namely An. Coustani, is an important step in acquisition the information on species composition available, their distribution and role in the ongoing residual malaria transmission. Thus, this newly discovered information on malaria vectors in Ruangwa District forms a benchmark which will be integrated into a national map of dominant malaria vector species with a view of assisting in the planning and implementation of malaria prevention interventions. This conclusion is premised on the fact that identifying species leads to associate knowledge of that species which in turn suggests effective approaches for malaria control interventions. (Coetzee, 2000; Sinka et al., 2012). 

Moreover, given high abundance of malaria vectors in Likangara, it follows that, there is a need for government interventions to prioritize this village and its neighbourhoods in her interventions. Likangara is an urban area near the district headquarters. Thus, there is a high density of human population which is busy throughout the day and most of the night. The malaria vector, A. gambiae s.s prefers feeding on human blood. Thus, interventions focusing on behaviuor change would be an appropriate strategy to prevent ongoing malaria transmission in this area.

Again, these findings suggest that, the malaria vectors in Ruangwa District prefer breeding in both temporary and permanent water bodies. Accordingly, anti-malaria interventions should focus on clearing such malaria breeding sites during the rainy seasons. Therefore, mapping of these vectors in national map of dominant species as identified for the first time in Lindi region, planning and effective control strategies of malaria vector species in the study area would eliminate the ongoing malaria transmission. Moreover, since the high biting rates of mosquitoes collected outdoors during night time, as a result of human outdoor activities, such as night chats, pet business and TV watching, this finding provides a benchmark that supplementary interventions, such as repellents, are required for control of the outdoor transmissions since the community does not use any malaria preventive measures while conducting nocturnal livelihood outdoor activities. 

In addition, the extensive use of pesticides in agriculture and veterinary activities is associated with reduced effectiveness of insecticides used in vector control interventions. Therefore, LLINs are less effective in the face of increasing vector resistance in providing 100% community protection. Hence reactivation of active ingredients to these insecticides is imperative.
6.2 Recommendations
This is a preliminary study for identification of malaria vector species available in Ruangwa district in the southern part of Tanzania. Besides the distribution map of dominant vector species to be taken into consideration in vector control strategies in Tanzania, special consideration should devise in the elimination of incidental An. coustani s.l. This specie is a potential vector in the future and may play a significant role in residual malaria in Tanzania. This is because this specie is already found in the northern part of Tanzania and is a potential secondary malaria vector in the neighbouring countries like Kenya and Zambia along with other African countries like Nigeria and South Africa.

Nocturnal outdoor activities are high risk factors to be recognised as a public health concerned in the study area. The high mosquito density collected outdoors while people conduct nocturnal outdoor activities highlight the prioritization of multiple control intervention measures. These should be used concurrently in both indoor and outdoor locations to reduce human-mosquito bite contact and intensity of malaria transmission from the current 17.7% to 1% by 2020 as stipulated in the National Strategic Plan for the elimination of residual malaria transmission in the country. 

Therefore, interventions aimed at social–economic behavioural change and communication should primarily target populations in the highlighted risk behaviour communities. For that reason, community education to raise awareness in risk nocturnal outdoor activities and the importance of using multi- malaria control interventions is vital. In addition, the formulation of by – laws as a national malaria control strategies against non-users of LLINs, non-conformances with  IRS in epidemic areas and those who misuse LLINs for unintended activities is recommended to eliminate the ongoing malaria transmission. For instance, time limits should be set to control nocturnal activities such as operation of night joints, motor cycle riding (boda-boda) services among others. Other by –laws should be introduced; fines and penalties imposed against residents who misuses or refuse to use malaria control interventions such LLINs and IRS.
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APPENDIX 1: Cross-Sectional Survey Structured Interview Questions
Form Information: a copy from informed concert








7.	Type of House ________
8.	type of roof_____________
9.	Head of household name/code no______ 
10.	Signature_____
11.	Supervisors name______
12.	Signature__                  

Part 11: Social Demographic Factors:
1.	Gender: Male     [ ]; Female [ ]
2.	Age: ______________________
3.	Marital status:    Married, [ ]; Divorced, [ ], Separated,   [ ]; Widow [ ]
4.	Employment status: __________________  

Part 3: Anthropological and entomological factors
1.Where are the mosquitoes breeding sites found (m)? 
2. What type of breeding site is close to your house? Yes [ ] no [ ]
3. Are the breeding sites available throughout the year? Yes [ ] No [ ],
4. How can you prevent mosquitoes from bite contact? IRS, LLINs, Repellents
5.	What type of the following night-time outdoor activities that contribute the risk to malaria infection in this area?
a)	Evening parties, Yes [ ] no [ ]
b)	Wedding, Yes [ ] no [ ]
c)	Ceremony after harvesting season, Yes [ ] no [ ]
d)	Sports watching Yes, [ ] no [ ]
e)	Hunting, Yes [ ] no [ ]
f)	Guarding property, Yes [ ] no [ ]
g)	Funnels ,Yes [ ] no [ ]
h)	Small business ,Yes [ ] no [ ]
i)	Cooking outside at night hours,
j)	Others __________________________

6.	How many hours do they spend while performing night-time outdoor activities?
a)	Hours from 18000hrs-2300 hrs,  Yes [ ] no [ ]
b)	4 hours from 2300hrs -04000 hrs, Yes, [ ] no [ ]
c)	4hours from 04000hrs -07000 hrs, Yes [ ] no [ ]
d)	3 hours from 0500hrs- 0700 hrs Yes [ ] no [ ]
e)	Others__________________________















9.	What do you think are the advantages of sleeping in the Mosquito nets?
a)	Reduce the burden of malaria []
b)	Reduce mosquitoes bite nuisance [ ]
c)	People sleeps better [ ] 
d)	Luxury 
e)	Don’t know
What time last night did (head of household code no.) go indoors for the evening? From1800-0000 hrsFrom 0001-0400amFrom 0001-0400am		
What time last night did (head of household code no.)  get on bed for the evening?		
a)  From1800-0000 hrsb) From 0001-0400 hrsc) From 0001-0400amWhat time this morning did (head of household code no.) get out of bed? a)  From 0001-0400hrsb) From 0001-0400hrsWhat time this morning did (head of household code no) first go outdoors? [ a)  From 0001-0400 hrsb) From 0001-0400 hrsHow many LLINs do you have in your household? One [ ] Two [ ] Three and above [ ] None [ ] 16. Can you mention how many members sleep on the bed?a)  Under-five children [ ]b) Head of the family [ ]c) Pregnant mother [ ]d) The whole family [ ]The current situation of the available.LLINs: in good order [ ]Torned [ ] Don‘t know [ ] 		
10.	Are they currently being used?
a)	Presently used [ ] 
b)	Not used [ ] if they are not in use please answer the question number 3

11.	Reasons for not using the available LLINs: 
a)	Housing   type and structure affects the net us [ ]
b)	Absence of bed [ ] 
c)	Afraid of its toxicity [ ]
d)	Weather not conducive [ ] 
e)	Nets do not prevent malaria [ ]
f)	other (specify)__________

12.	Which time do you prefer using mosquito net:
a)	Every day through the night Yes [ ] No [ ], 
b)	Every day on the partly of the night Yes [ ] No [ ], 
c)	Sometimes Yes [ ] No [ ], 
d)	During the day Yes [ ] No [ ]

20. Frequency of mosquito net use; 
a)	Always  in both seasons[ ] 
b)	Not always [ ] 

13.	How did you get them? 
a)	Free from the government source,[ ]
b)	Voucher system, [ ], 
c)	School net distribution program
d)	Others/specify [ ] 
14.	33When were LLINs lastly supplied to you:
a)	< 6 months [ ],
b)	6 months [ ],
c)	1 years [ ], 
d)	2- 3 years [ ]
e)	Others_________________

15.	 In case you did not receive LLINs from the hospital or school program, can you afford to purchase one?
a)	Yes [ ] 
















APPENDIX 2: Collection Form For Mosquitoes Spp Composition Identification
Council_______Ward ______Village_________ Form no.____________
Household no._______________Ten cell unit no.______________________
Head of household name: ____________Signature of household head____
Type of house_________________Type of roof_______________
Name of mosquito collector________Start __________end______date_______    round _____ site____________
GPS Site coordinates_____________Zone_____________E(m) ___________ N (m)

SAMPLE SORTING ADULT COLLECTION MOSQUITOES SPICIES COMPOSITION AND LABOLATORY ANALYSIS FORM
Hrs. of mosquito collection.	Total collection	TAXONOMY DESCRIPTION,SEX AND ABDOMINAL STATUS	Sample label code	PCR			Blood meal Elisa	Body part slowed	observation





















APPENDIX 3: Cross-Sectional Survey Interview Questions of Nocturnal Outdoor Activities
District----------------------- Ward----------------------Village-------------------------
Collection method-----------------------Name of collector____________________
Date ----------------------Place--------------------------Seasonal period-----------------

Type of activities	Activities time	Protection measures	Place
	1800-19000 hrs	1900-200hrs	2000-2100hrs	21000-2200hrs	2200-23000hrs	23000-0000hrs	0000-01000hrs	0100-0200hrs	0200-0300 hrs	03000-04000hrs	0400-0500hrs	0500-0600hrs	0600-07000hr		Repellents	Others	Village centers	Peri-village center	Away from village center
Hang out joints (vijiwe)																			
Wedding																			
Harvesting ceremony																			


















APPENDIX 4: Form For Recording Susceptibility Test Data
Susceptibility testing information:
Village code_______Date ____
Investigator name, ___Investigator code____ GPS coordinates__E___N__

Sample information:
Species tested ______ Species control______Sex_________
Age (days) __________       

Collection methods: _________________
Location of mosquito collection: ____________________________
Physiological stage:_Non-blood__ fed,__,blood fed_, half gravid__, gravid_
Insecticide tested _______ date of expiry_____
Diagnostic dose:___________Concentration_________
Impregnated papers prepared by________date of box open____ _ Number of time this paper is used_____, storageconditions _____, room temperature___ refrigerated____, and test condition exposure period____Temperature 0C____, Relative humidity________ (%)
Diagnostic time: Exposure Start___________End_______________

Susceptibility testing (exposure results) 
Time (min	Tube 1 	Tube 2	Tube 3	Tube 4	All test Tubes	Control

















APPENDIX 5: Various nocturnal outdoor  activities that expose people to mosquitoes bite





Example of nocturnal outdoor activities that expose people to infective mosquito bites 










Photographs showing the misuse of malaria prevention interventions (LLINs) in intended activities at Nandagara village, Ruangwa district.

Example of studied houses with open eaves that promote human  - vector interaction

Human behaviours that  increase ongoing residual malaria transmission in a Ruangwa District

Mosquito breeding sites where moquito for testing resistance to malaria vectors against insecticides used in malaria control were collected in Ruangwa District






















^1	  Chi square test output: χ2  =73.77, df= 9,p<0.05  
^2	  Chi square test output: χ2=33.13, df=9, p<0.05
^3	  Chi square test output: χ2 = 23.90, df=9, p< 0.05
^4	  Chi square test output: χ2=31.13, df=9, p<0.05
^5	  Chi square test output: χ2 = 31.84, df=9, p< 0.05
^6	  Chi square test output: χ2=29.13, df=9, p<0.05
